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II.  Abstract 
 
Studies on morphological variation are important as it can depict the relationship with environmental 
factors clearly and convey an understanding of the manner, mechanism and factors influencing plant 
adaptation and evolution. Although many studies have been conducted on South African salt marsh 
plant physiology and phytosociology there are at present very few morphological studies on 
estuarine plants.  The aim of this study was to compare the morphological variation of estuarine 
macrophytes in three different estuary types in the warm temperate biogeographic zone of South 
Africa and to compare characters used in the taxonomic descriptions of species with those measured 
in the field.  Permanently open estuaries investigated were Ngqusi (WC), Kowie (KW) and Swartkops 
(SW) estuaries.   The Knysna Estuary (KN) was the estuarine bay investigated and the temporarily  
open/ closed estuaries (TOCEs) were the East Kleinemonde (EK) and Great Brak (GB) estuaries. 
Macrophytes were morphologically different across different estuary types. This suggests that there 
were different factors operating between these estuary types that would directly influence the 
morphology of species. The variation of plant height with different estuary types can be attributed to 
the fact that smaller salt marshes also have smaller habitat ranges compared to larger ones. The 
variation in morphological characteristics such as plant height can also be attributed to 
biogeographical range.  Most morphological characteristics measured in the field fall within 
previously published ranges, and so these characters are useful in delimiting species.   There were 
significant relationships between phenotypic variables and multivariate environmental variables. The 
most important of these variables were soil electrical conductivity, soil organic content and soil water 
content.  Specifically, plant height increased with water content and decreased with salinity, flower 
stalk length had strong significant positive correlations with moisture content, organic content and 
pH while there were strong significant correlations with redox potential and electrical conductivity. 
Salt marshes are considered ideal for studying variation of species due to the explicit environmental 
gradients and plants occurring in salt marshes are halophytes that exhibit a range of morphological 
traits that allows for growth and reproduction under the stressful and extreme conditions. 
Considering recent climate change predictions and the consequent effects on South African estuaries 
this study provides significant  information with regard to the response of species to a changing 
environment. 
The study was also aimed at updating the existing botanical database for South African estuaries in 
terms of species occurrence in South African  estuaries, taxonomic name changes of existing species, 
new species, common names and habitats.  Species diversity indices were also calculated for 
different estuaries, estuary types and biogeographic zones and diagnostic descriptions of the 
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dominant salt marsh species were developed.   The objective of this was that these data should 
provide baseline information for determining habitat richness and plant species diversity of South 
African estuaries which in turn should be used in determining priority estuaries for conservation and 
management.  The identification key, developed using the DELTA software, would also aid 
researchers, managers and laymen in identifying salt marsh species.  Results showed that the total 
number of macrophyte species, including intraspecific taxa and macroalgae, was 242 in 53 estuaries 
that were updated .  There was an increase in the number of taxa recorded in the database  primarily 
due to 1) research focus and full taxonomic surveys on larger estuaries and the big research projects 
has led to the identification of more species, 2) the addition of species that are not characteristically 
known as estuarine species, 3) the addition of 50 macroalgal taxa and 4) minor changes due to 
taxonomic revisions of species and the addition of newly described species. The Shannon diversity 
index showed that greater species diversity was found in the Berg (Groot) Estuary (4.220) and the 
Uilkraals Estuary (4.025). The cool temperate bioregion was the most diverse in the number of taxa 
(58) with the highest Shannon index (4.736). Permanently open estuaries were the most diverse in 
the number of unique taxa (56) with the highest Shannon index (4.867). Estuarine managers need to 
be aware of the species diversity in different estuarine types as well as the associated impacts on 
them. Conservation planning must therefore include species. Diagnostic features of INTKEY indicated 
that all 57 taxa were distinguishable from each other. Contrary to expectations plant height and not 
floral morphology was the best diagnostic characteristic. Ecological information such as the estuarine 
habitat, where different life forms occur,  was important in delimiting species.   
Key words:  Morphological variation, Environmental factors, Salt marsh, Species diversity, Taxonomy, 
Biogeography,South Africa.   
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1.Introduction 
The South African coastline has a myriad of unique and important habitats for flora and fauna and is 
of social-economic interest (Mucina et al., 2003). Lubke (1988) noted that some of these habitats 
include sandy beaches, rocky shores and estuaries. Associated with estuaries are salt marshes which 
are distinct plant communities composed of flowering and non-flowering plants, algae, submerged 
macrophytes and emergent aquatic and terrestrial species. These species are tolerant of occasional 
flooding (Lubke, 1988). South African salt marshes occupy approximately 17 000 ha in only 70 of 
approximately 277 estuaries (Adams et al., 1999) where they perform a number of important 
functions. Some of these functions include sediment stabilisation, bank protection, filters for 
sediment and pollutants, primary production and provision of habitat and food for a variety of 
marine and estuarine species (Whitfield 1994, 1998; Adams et al., 1999; Colloty et al., 2000a; Maree 
et al., 2003; Strydom et al., 2003). However, there are a number of factors impacting on salt marsh 
habitats making it a threatened community type. Some of these threats include altered river flow, 
grazing, colonisation by alien plant taxa, sea level rise, coastal squeeze, erosion (directly within the 
estuary, and indirectly within the catchment), disturbance by people, land claim by farming or 
development, pollution from land or sea, oil, sewage, fertilizers and waste tipping, dredging and sea 
defences (Turpie, 2004). 
Estuaries are classified in terms of their physical characteristics. Whitfield’s (1992) classification 
recognises five types: Estuarine bay, permanently open, River mouth, Estuarine lake, and 
Temporarily open/ closed estuaries. The first three types remain permanently open to the sea, 
whereas several lakes and all temporarily open/ closed estuaries close periodically. The five types can 
be roughly distinguished by the size of their tidal prism (amount of tidal water exchange), mixing 
process and their average salinity (Turpie, 2004). The geomorphological classification used by 
Harrison et al. (2000) recognised six main types based on mouth condition (open or closed), size and 
the presence of a sand bar. The Whitfield (1992) classification is the most widely used. According to 
this classification estuaries such as Ngqusi, Kowie, and Swartkops estuaries are permanently open 
estuaries, East Kleinemonde and Great Brak estuaries are temporarily  open / closed, whereas the 
Knysna Estuary is an Estuarine bay.   
Estuaries can also be grouped according to the biogeographical region in which they occur (Harrison, 
2004). The west coast of South Africa is classified as the cool Temperate zone. The Warm Temperate 
zone extends approximately from Cape Point to the Mbashe River in the Eastern Cape, and the 
Subtropical Zone on the east coast. Each of these zones is unique in plant and animal communities 
that show different responses with changes in physico-chemical characteristics. In general, estuaries 
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along the west coast have a colder climate regime compared to those in the warm temperate zone. 
These latter estuaries are characterised by high salinity and low turbidity because of low rainfall and 
runoff, high seawater input and evaporative loss. Subtropical estuaries have lower salinity and higher 
turbidity due to relatively high runoff (Harrison, 2004).  
Estuaries also exhibit a wide range of environmental variability from the mouth, middle, upper 
reaches and headland of estuaries where conditions change from marine to freshwater. These 
environmental variables affect macrophytes spatially and temporally to which they must respond 
physiologically and morphologically (Day, 1981; Adam 1990; Adams et al., 1992, Adams and Talbot, 
1992; Adams, 1991; Watkin et al., 1998; Biber and Irlandi, 2006; Sousa-dias and Melo, 2008). 
Macrophyte species have adapted to live in these stressful estuarine environments. Some of the 
adaptations include osmoregulation, anaerobic metabolism, aerenchyma, xeromorphism, tolerance 
to salt and water stress and high water and nitrogen use efficiency. Different photosynthetic 
pathways other than C3 are also found in estuarine plants such as C4 and Crassulacean Acid 
Metabolism (CAM) (Drake, 1989). 
A number of authors have reported morphological variations with changes in environmental 
conditions, in different species: Spartina alterniflora  Loiseleur (plant height) Anderson and Threshow 
(1980), Potamogeton (Stuckenia) sp. (leaf blade size and shape and root morphology) Wallace and 
Srb (1964), Eicchornia crassipes (Mart.) Solms (leaf blade size and shape) Wallace and Srb (1964), 
Suaeda depressa (Pursh) S.Watson (stem morphology) Williams and Ungar (1972), Plantago maritima 
L. (decumbent and erect ecotypes) Gregor (1946),  Avicennia  marina (Forsk.) Vierh. (leaf size and 
shape, leaf area, length, average width, tip angle, thickness and succulence or water content) Duke et 
al. (1998) and Chenolea (Bassia) (pubescence, leaf appendices) (Wilson, 1984, cited in Cabrera, 
2007). Richards et al. (2005) found that the phenotype of salt marsh species is almost directly related 
to environmental variation and that soil salinity is the most important factor followed by organic 
content and elevation.  
The species Sarcocornia decumbens (Tölken) A. J. Scott, Sarcocornia pillansii (Moss) A. J. Scott and 
Sarcocornia tegetaria S. Steffen, Mucina & G. Kadereit belong to the family Chenopodiaceae and are 
widely distributed in South African estuaries. Kadereit et al. (2007) reported that due to habitat 
characteristics such as tidal dynamics, tidal scour, salinity (fluctuates greatly due to different factors 
such as tidal cycles, evapotranspiration, precipitation and availability of fresh groundwater), 
waterlogging, soil texture and nutrient supply  these species require great physiological plasticity that 
often lead to phenotypic variation. Furthermore, very few studies have been conducted on South 
African Sarcocornia species particularly with regard to better understanding the responses of the 
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plants to environmental changes. DWAF (2008) attribute this to the unresolved taxonomy, high level 
of inbreeding and reduced leaf and flower morphology of the genus at the time. In contrast, other 
monocotyledonous species, Juncus kraussii Hochst subsp. kraussii, Spartina maritima (Curtis) Fernald 
and Sporobolus virginicus (L.) Kunth, are also well distributed in South African estuaries and have 
been studied more intensively (see for example Gallagher, 1979; Blits and Gallagher, 1991; Marcum 
and Murdoch, 1992; Snogerup 1993; Adams and Bate, 1995; Bell and O’Leary, 2003; Shrestha et al., 
2005; Greenwood and MacFarlane, 2009; Vromans, 2010). The species Bassia diffusa (Thunb.) Kuntze 
is one of the most widely distributed species in the family Chenopodiaceae occurring in 62 of all 
South African estuaries and is most likely to show a great deal of phenotypic variability (Adams et al., 
2010). A recent review of a Triglochin bulbosa L. complex (taxa that has been included in Triglochin 
bulbosa L. at some point) was done. Köcke et al. (2010) stated that Triglochin striata Ruiz & Pav is 
also found in southern Africa but is one of the species that does not belong to the so-called T. 
bulbosa complex species. The authors also noted that a number of these species require further 
studies with regard to the distribution in South African estuaries. Triglochin elongata Buchenau is 
endemic to South Africa: distributed mainly in coastal regions of the KwaZulu-Natal, Eastern, 
Western and Northern Cape Provinces. It is unique in terms of their geographical distribution and 
deserves further study (Köcke et al., 2010).      
  
In order to ensure optimal conservation of plant species in any region, it is essential to explore the 
genetic diversity of the remaining populations. Maintaining diversity within gene pools is an 
important element in the conservation of plant ecosystems and populations. It is also considered 
that a high degree of genetic diversity at or below species level is beneficial in the face of 
environmental and anthropogenic pressures. The ecological value of the species depends on the 
ecological information that it conveys. If the species is ecologically homogenous and distinct from 
other taxonomically related species, then it is of value to the ecologist. Such species are termed 
indicator species as they indicate a particular set of environmental conditions, or a particular plant 
association (Chen et al., 2007; Frankham, 2010).  Furthermore by investigating the amount of genetic 
diversity in the relic populations the short to medium term viability of these populations can be 
determined, and genetically variable populations identified which may then be used as indicators of 
changing environmental conditions (Bradshaw, 1965; Mettler and Gregg, 1969; Melville and 
Burchett, 2002; Johnson and Cairns-Heath, 2010).  
Domesticated and natural plant populations all consist of a variety of genetic traits that are directly 
related to their ability to adapt to diverse environments that are continuously changing (Capinera, 
1979; Blanchette, 1997, Uribe-Salas et al., 2008). Associated with genetic heterogeneity is non-
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genetic variation whereby an organism expresses phenotypic variation to a single or multiple 
environmental conditions (Davis and Gilmartin, 1985). According to Chen et al. (2010) this implies 
that a change in the morphological or physiological characters of a plant at intra-specific level is a 
response to changed environmental conditions. Arthur (1984) (cited in Davis and Gilmartin, 1985) 
explained that through genetic processes regulatory genes control the processes of cell division, 
growth, form and function in individual organisms and that results from the interconnection between 
genes and plant morphology. Knowledge on genetic variation also helps to resolve taxonomic (Van 
Buren et al., 1994; Cole and Kuchenreuther, 2001), phylogenetic (Smith and Pham, 1996), 
demographic, and ecological (Cruzan, 1998; Bachmann, 1994; Kadereit and Freitag, 2011) questions 
that may later be of relevance in conservation.   
South African salt marshes contain a wide variety of habitats, functions and unique species making 
them rich in biodiversity. Biodiversity has many definitions but primarily refers to the number of 
species, their distribution and interactions over space and time and is regularly expressed as indices 
based on species richness and species abundances (Whittaker, 1972; Lande, 1996; Purvis and Hector, 
2000; Schleuter, et al., 2010; Mindel et al., 2011). Diversity indices are an attempt to reduce 
complexity (Pielou, 1966). The most used diversity indices are the Shannon index H (Shannon, 1948), 
Simpson index D (Simpson, 1949), the Pielou evenness index J (Pielou, 1966), the Rényi entropy of 
order a (Rényi, 1961, cited in Schleuter et al., 2010). All the aforementioned indices are particularly 
powerful since they account for both richness and relative abundance, making biodiversity a 
framework for considering and discussing the whole range of questions augmented by the 
relationship between humans and other species and the environment as well as between ecological 
and social systems (Faith and Baker, 2004).  
Faith and Baker (2004) stated the increase in human population numbers and the subsequent misuse 
of our natural resources has led to a decrease in biodiversity and probably the extinction of 
undescribed species. A number of estuarine plant groups are still in need of basic taxonomic 
treatments or revisions that include keys to species and that provide comprehensive descriptions and 
accurately specify geographical distributions. Furthermore, molecular studies uncover genotypic 
variation and interpret species level variation. Thus describing and recognising a species precedes its 
preservation. These two steps, unquestionably, form the basis of the work of conservationists 
(Castroviejo, 2005). According to Mace (2004) species are a natural rank that should form the 
foundation for conservation and management. Species should not be exclusive but reflect that 
species conservation is necessary for broader policy and practice. Taxonomic uncertainty is a result 
of disagreement about species boundaries, infraspecific variation, misapplication of names, probable 
hybridization, and introduction of species. The uniqueness of estuarine macrophytes is frequently 
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the subject of taxonomic revisions. It is important that estuarine researchers and managers take note 
of these changes to ensure accurate communication (Adams et al., 2010) 
Databases are needed in the development of effective strategies for conservation of target plants, 
habitats, and geographic areas. Databases should promote and interpret information for individuals 
and conservation practitioners, encouraging them to use the data and making it generally available. 
Conservationists in turn must use this information to determine priority areas and basic elements of 
diversity from biome scale down to single gene variants (Given, 1994). Mace (2004) explains that all 
databases of species are subject to change with change in species definitions. This change could also 
be the result of lumping and splitting during taxonomic revisions (Cook et al., 2008).  
Estuarine researchers and managers are in agreement that there needs to be a holistic impression of 
an estuary in order to achieve better management of estuaries (Ramm, 1990; Coetzee, 1995; Coetzee 
et al., 1996). Estuarine health and importance indices require data on specific estuaries and their 
habits and species. The available dataset for the macrophytes and habitat was in most 2 cases taken 
from the old “Green book” reports of Council for Scientific and Industrial Research (CSIR) for the 
CAPE estuaries. These data are in most cases 30 years old. There have been substantial changes in 
estuaries since then and the habitat types and species have been reclassified. There is therefore an 
urgent need for the current data for those estuaries that were included in the Green series in 
addition to the other estuaries where no data are available. Prioritisation of estuaries for 
conservation purposes and water allocation is currently based on a dataset with multiple errors 
(Turpie, 2004; Adams et al., 2010; Van Niekerk and Turpie, 2011). 
Coetzee (1995) stated that macrophyte species per se are of little conservation value. This is because 
very few of them are endemic while others have a worldwide distribution. However, two recent 
publications by Steffen et al. (2010) and Köcke et al. (2010) showed that some Sarcocornia and 
Triglochin species are endemic to South Africa and some are threatened. Furthermore, South African 
estuaries are under significant development pressure as well as the ensuing threats of climate 
change (Van Niekerk and Turpie, 2011).  One unique feature of estuarine macrophytes is that species 
are similar in morphology and are in many cases difficult to delimit. It is therefore imperative to 
provide estuarine scientists and managers with information, preferably in the form of an 
identification key or database, which will allow them to identify these species. Only when a species 
can be identified can one really start protecting it.  
When species can be identified accurately, its distribution in South African estuaries can be 
determined and its threat status be reassessed. The distribution of a species can be mapped using 
Geographic Information Systems (GIS) or through relevés of absence and present data.  
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It is also important to record the spatial distribution of species diversity. This can be done based on 
the size of the salt marsh, estuary type and biogeographic zone.  The size of the salt marsh may 
contain more species merely because of greater habitat area. Estuary type may elucidate on the 
environmental conditions impacting species diversity whereas biogeographic zones have an impact 
on adaptation and evolution. Therefore, in this project a biogeographic region, estuary classification 
type and individual estuary approach is taken.    
Aims and objectives: 
The aims of this study were: 
a) To compare the morphological variation of estuarine macrophytes in three different estuary 
types and the across the length of estuaries in South Africa; 
b) To assess the morphological variation of estuarine macrophytes over a large area within the 
warm temperate biogeographic zone of South Africa;   
c) To compare characters used in taxonomic descriptions of species with that measured in the 
field;   
d) To update the existing botanical database of estuaries in terms of species occurrence in 
different estuaries, name changes of existing species, new species, common names and 
habitats with the objective that these data should provide baseline information for 
determining habitat richness and plant species diversity of South African estuaries which in 
turn should be used in  determining priority estuaries for conservation and management; 
e) Using the updated South African Estuarine Botanical Database, develop species diversity 
indices for different estuaries, estuary types and biographical zones. The objective of this is to 
explain patterns of species diversity in South African estuaries that should further help in 
conservation priority stetting, and; 
f) To develop diagnostic descriptions of the dominant salt marsh species in South Africa. This 
information should aid researchers, managers and laymen in identifying salt marsh species.  
  
Some of the specific hypotheses that the research addressed were: 
H1: There will be a significant increase in the number of species in the database as a result of more 
recent publications and site surveys, after which the number of new species added to the 
database, will decrease..  
7 
 
H2: Species richness is greater in larger permanently open estuaries, due to greater habitat 
availability and in subtropical estuaries as explained by lower salinities, greater freshwater 
input and relatively higher temperatures. 
H3: All species will have diagnostic descriptions and the best characters will be related to floral 
morphology (as they are unique to plant families) and estuarine habitat.  
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2. Literature Review 
2.1.Morphological variation in plants  
2.1.1. Genetic heterogeneity  
Domesticated and natural plant populations can consist of a variety of genetic traits that are directly 
related to their ability to adapt to diverse environments that are continuously changing (Capinera, 
1979; Blanchette, 1997, Uribe-Salas et al., 2008). Associated with genetic heterogeneity is non-
genetic variation whereby an organism expresses phenotypic variation to a single or multiple 
environmental conditions (Davis and Gilmartin, 1985). According to Chen et al. (2010) this implies 
that a change in the morphological or physiological characters of a plant at intra-specific level is a 
response to changed environmental conditions. Arthur (1984) (cited in Davis and Gilmartin, 1985) 
explained that through genetic processes regulatory genes control the processes of cell division, 
growth, form and function in individual organisms and that results from the interconnection between 
genes and plant morphology.  
2.1.2.Morphological comparative studies  
Variation is one of the basic characteristics in the world. Measurement, description and analysis of 
variations are fundamental steps to answer questions of biological adaptability. Morphological 
characters are the outside exhibition of organism, and in the natural habitat, morphological 
characters in plant species are not only affected by genetic factors of the species, but by 
environmental factors as well. Plants could respond to the changed environments by changing their 
morphology so intra-specific variation in plant is usually regarded as the adaptive mechanism to 
different environments. Studies on the morphological variations of plant species according to the 
habitat differences could suggest their relationships with environmental factors clearly, and help us 
understand the manner, mechanism and influencing factors of plant adaptation and evolution 
(Snaydon, 1973; Bennett, 1987; Chen et al., 2010; Dochtermann and Peacock, 2010; Fusco and 
Minelli, 2010; Howard, 2010; Bolnick et al., 2011; Chevin, et al., 2011) 
2.1.3.Phenotypic variation  
The effects of ecological factors are two-fold on an individual i) direct effects on the phenotype and 
ii) indirect effect on the genotype. All individuals, those alive in the field and in the greenhouse, 
pressed on a herbarium sheet, or in a pickled jar in a museum are the results of genetic constitution 
and environmental conditions. The magnitudes to which these ecological factors affect plants at 
different levels depend on the character, taxon, and the environmental parameter (Snaydon, 1973). 
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Direct effects on the phenotype 
It should be noted that the genetic constitution of a population is the result of long-term interaction 
between genetic processes that generate and maintain genetic variation, and environmental factors 
which shape that genetic variation (Howard, 2010), but with regard to taxonomy and classification 
ecological factors morphological characters that are to some extent modified by the environment 
have been regarded as less useful taxonomic characters (Frankham, 2010). These characters are 
regarded as noise and limit the recognition of the genetic constitution of the individual. Fortunately 
in recent years the attitude about the phenotype in genetics has changed to studies of the more 
numerous characters that are modified by environmental conditions. The ability of the phenotypes 
to respond to different environmental conditions is by itself under genetic control and environmental 
modifications become genetically fixed. Changes in the phenotype are not random or biologically 
insignificant but it is rather frequently adaptive and of evolutionary and ecological importance.  
Phenotypic plasticity and genetic variation are alternative strategies in adaptation; each with its 
advantages and disadvantages (Chen et al., 2010; Dochtermann and Peacock, 2010; Fusco and 
Minelli, 2010; Howard, 2010; Bolnick et al., 2011; Chevin, et al., 2011).  
Effect of the biotic environment on the phenotype  
With regard to the phenotype and the biotic environment the interactions between organisms 
almost always depends on the phenotypic expression of plant characters. Snaydon (1973) explained 
that competition is one of those factors that greatly affect the phenotype and that this destructive 
interaction also has adaptive significance on phenotypic plasticity. Other factors such as herbivory, 
symbiosis and parasitism also affect the phenotype. The latter has particularly been overlooked. 
However, studies have revealed that the effect of host species on the phenotype of parasites were 
similar to the effects of different environmental factors. It is still difficult to assess the adaptive 
significance of the reciprocal modifications of host species. Studies in ecology, physiology and 
genetics showed that phenotypic variation is of considerable ecological and evolutionary importance 
(Gregor, 1946; Wallace and Srb, 1964; Williams and Ungar, 1972; Capinera, 1979; Davis and 
Gilmartin, 1985, Bigley and Harrison, 1986; Rodrıguez-Garay, 2009; Malgas et al., 2010). 
Snaydon (1973) identified three practical reasons why characters that are subject to environmentally 
induced variation should be considered in taxonomy and classifications: 
1. The ecologist must identify different taxa in the field, which inevitably are exposed to 
different biotic and abiotic factors and are subsequently subject to phenotypic modifications. 
The best option is to use non-variable characters but often the ecologist must refer to 
variable characters which require an understanding of the extent of the environmental 
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modification. This interaction between environment and phenotype may allow ecologists to 
draw valid ecological questions.   
2. Often the use of stable floral characters has been used rather than vegetative characters. 
This is a major disadvantage particularly for identification since most species flower only for a 
restricted time of the year.  
3. The emphasis on environmentally stable characters in plant taxonomy has tended to exclude 
ecological important characters. The resulting classification therefore included less 
environmentally useful information with a less predictive value in ecology, than might be the 
case if other characters were considered.  
 Indirect effect on the genotype 
Genetic variation is a process that occurs in most plant populations which is a result of ecological 
processes acting on the population. The process of disruptive selection, which is due to 
environmental variation in space and time, maintains the genetic variation of population. The 
frequency-dependent interactions between genotypes are also in the maintenance of genetic 
variation. For this reason the variation within population is therefore ecological short-term (Richards 
et al., 2005) and evolutionary long-term (Mullins and Marks, 1987; Moran, 1992; Schoen and Brown, 
1991; Malgas et al., 2010; Weißhuhn, et al., 2010) adaptive significant. In a heterogeneous 
environment genetic variation is also greater.  
In a study by Snaydon (1973) it was shown that genetic variation within populations of 
Anthoxanthum odoratum L.  was closely related to environmentally heterogeneity measured directly 
as soil pH, or plant performance.  The genetic variation of each population is expressed as the mean 
coefficient of genotypic variation, based on eight genotypes per population and ten morphological 
characters. Changes in environmental conditions with time also affect the genetic variability within 
populations. The genetic structure of both plant and animal species may change rapidly within time. 
Essentially, genetic variation within populations is determined by a complex interaction between 
genetic and ecological factors, where the environmental factors partly determine genetic factors 
such as breeding system, mutation rate and dominance. Genetic variation within populations has 
mostly been studied at the morphological level but may also be studied at physiological and 
biochemical level. Since genetic variation is of critical importance to the diversity of biological 
organisms and the purpose of taxonomy is to describe, name and classify variation in a manner 
useful to other biological disciplines, then variation at all levels should be recognised taxonomically 
and should not be excluded on the grounds of taxonomic rules (Gregor, 1946; Wallace and Srb, 1964; 
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Williams and Ungar, 1972; Capinera, 1979; Davis and Gilmartin, 1985, Bigley and Harrison, 1986; 
Rodrıguez-Garay, 2009; Malgas et al., 2010). 
Cook et al. (2010) explained that much ecologically important variation occurs below species level 
which is of importance in ecology and it can therefore be argued that the variation should be 
described and perhaps named and classified taxonomically. The description of this variation at the 
intra-specific level is essential for the taxonomic treatment of the variation at the species level. It is 
difficult to delimit a species without reasonable sampling without considering variation within a 
population.  
Despite the fact that classifying intra-specific variation may potentially reveal more interrelations 
between taxonomy and ecology intra-specific variation has been neglected due to the wide variation 
within samples, high genetic intrinsic variability, the susceptibility to environmental modification and 
the fact that they are not consistently correlated with other characters that mark the already defined 
taxon (Snaydon, 1973). 
 
2.1.4.Estuarine zonation and habitats 
A wide range of habits and species may be found within the estuarine environment. Adams (1991) 
explains that the distinctness of estuarine species is a result of the high diversity of habitats of 
different estuarine systems. Day (1981) found that estuaries exhibit a wide variety of environmental 
variables from the mouth, middle, upper reaches and headland of estuaries. Furthermore he 
explained that these environmental variables also spatially and temporally with macrophytes 
responding to these environmental variables from marine to freshwater areas.  
Salt marshes in South Africa have also been divided into subtidal, intertidal and supratidal marsh 
areas. Different salt marsh species have adapted to the different zones. Authors agree that salt 
marsh zonation is primarily influenced by biotic interactions as well as temporal and spatial edaphic 
gradients (Van Diggelen, 1991; Pan et al., 1998; Noe and Zedler, 2000; Rogel et al., 2001). The lower 
limits of these zones are set primarily by tolerance to physical stress and the upper limits by 
competition (Snow and Vince, 1984; Bertness and Ellison, 1987; Emery, et al., 2001; Davy, 2000; 
Pennings and Moore, 2001). Davy (2000) found that few halophytes are found naturally in non-saline 
environments demonstrating that halophytes have lost their competitive ability through energy and 
resource expenditure on salt tolerance.                                                              
Competition is one of the most important biotic interactions on salt marshes. It is suggested that 
along salinity gradients competition may form the upper limits for the distribution of halophytic 
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species for less stress tolerant species (Snow and Vince, 1984; Keddy and Wisheu, 1989; Kenkel et al., 
1991). Competition among species is more important in structuring of salt marsh communities in less 
physically stressful environments whereas facilitation becomes an important interaction within the 
harsh salt marsh habitats (Macke and Ungar, 1971; Snow and Vince, 1984; Goldberg and 
Novoplansky, 1997; Davy et al., 2001). 
The most important abiotic factors or stressors that delimit both the small scale and large scale 
distributions of coastal and inland saline habitats are salinity and water availability (Gray and Scott, 
1967; Rozema et al., 1985; Pennings and Callaway, 1992; Pan et al., 1998; Sanchez et al., 1998). 
Where water availability is not limited such areas with high rainfall and intertidal areas soil salinity 
would become a greater influence in determining the vegetation pattern and (Burchill and Kenkel, 
1990; Neill, 1993; Krüger and Peinemann, 1996). Soil moisture is generally the limiting factor for the 
growth of xerohalophytes (drought adapted halophytes) (Ungar et al., 1979; Riehl and Ungar, 1982; 
Young and Nobel, 1986; Zedler, et al. 1986) and in many systems is determined by the depth to the 
water table (Richards and Caldwell, 1987; Cantero et al., 1998; Pan et al., 1998; Drabsch et al., 1999; 
Bornman et al., 2008). 
Adams et al. (1999) estimated the area of South African salt marshes to be approximately 17 000 ha 
with almost 75 % of its area being confined to five systems: Langebaan, Knysna, Swartkops, Berg and 
Olifants. The small area of salt marshes makes it a rare vegetation unit with obvious conservation 
priority. Salt marshes can be very distinct in zonation where some species such as Cotula 
coronopifolia L. Spartinia maritima (M. A. Curtsis) Fern, Triglochin striata L. are only found where 
tidal exchange is profound (Walker, 2003). South African macrophytes are grouped into nine plant 
and algal communities (Adams et al., 1999) which will be reviewed in the following sections. 
Supratidal salt marsh 
Supratidal and intertidal salt marsh are sometimes grouped in the same category due to the 
ambiguity of salt marsh macrophytes (Walker, 2003). Salt marshes also have a strong tidal influence. 
Lubke and van Wijk (1988) defines salt marshes as areas found on tidal sand and mud flats for most 
of South African estuaries where plant communities are composed of emergent vegetation rooted in 
soils that are alternately drained and inundated by tidal and creeping succulent flowering plants.  
Adams (1991) noted that there remains uncertainty regarding the zonation of salt marsh vegetation. 
According to Wiegert et al. (1981 cited in Adams, 1991) salt marshes exhibit both zonation in terms 
of succession and differences in elevation, salinity, tidal inundation and sediment type. Despite this 
there remains some consensus that physio-chemical factors are the principle drivers that limits the 
distribution of salt marsh species. Supratidal salt marshes are found at higher elevations where 
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species such as Cynodon dactylon (L.) Pers., Stenotaphrum secundatum (Walter) Kuntze, or 
Sarcocornia natelensis (Bunge ex Ung. Sternb.) A.J. Scott may dominate. 
Intertidal salt marsh  
O’Callaghan (1990) distinguishes between different types of intertidal salt marsh. The first type is 
found where there is a greater tidal exchange with a well defined zone of Zostera capensis Setch. 
Subtidally followed by S. maritima and subsequently Sarcocornia tegetaria S. Steffen, Mucina & G. 
Kadereit. Above this zone T. striata and C. coronopifolia frequently occurs. An example of this type of 
salt marsh is the Langebaan lagoon (Adams, 1991). In the second type of salt marsh C. coronopifolia 
are found at lower tidal levels, followed by Sporobolus virginicus (L.) Kunth. In these salt marshes 
Juncus kraussii Hochst. subsp. krausii may dominate at higher elevations with the presence of herbs 
such as Samolus porosus (L.f.) Thunb., Apium and Berula genera.  
Reeds and Sedges 
This group of plants are normally found where there is greater freshwater input (Adams, 1991). The 
species occurring here are typically those that belong to the monocotyledonous families; Cyperaceae 
(Carex clavata Thunb. Cyperus laevigatus L.); Juncaceae, for example Juncus kraussii, and Juncus 
scabrisculus Kunth; Poaceae Phragmites australis (Cav.) Steud.; and Restionaceae (Elegia tectorum 
(L.f.) Moline and H.P.Linder) . The common reed P. australis has been found to occur in disturbed 
areas with restricted saltwater fluctuations (Adams, 1991).  Salinity is the main environmental factor 
that determines the distribution of reeds and sedges (Adams, 1991). Weinstein and Balletto (1999) 
found that the area covered by reeds and sedges are increasing, in contrast to what is observed with 
submerged macrophytes and other salt marshes on a global scale.  The increase of reed species in 
South African estuaries is most likely the result of ineffective catchment management that results in 
high rates of sediment deposition. Reeds and sedges are important in providing habitats for birds, 
invertebrate and fish species (Riddin, 1999). 
Submerged Macrophytes 
These are the first species to colonise mud flats and are always rooted in the muddy or sandy 
substrates of estuaries (Day, 1981). Submerged macrophytes have wide salinity tolerances. Adams 
(1991) found that Zostera capensis Setch. is frequently associated with marine conditions. This 
species is also the most common submerged macrophyte in South African estuaries from the 
southern Cape to St. Lucia. It forms a distinct zone at low intertidal areas and will only be exposed at 
low spring tides (Edgecumbe, 1980). Lubke and van Wijk (1988) found other submerged macrophytes 
species to be Stuckenia pectinata (L.) Boerner (Potamogeton pectinatus L.) and Zannichellia sp. These 
species are associated with sheltered waters and less saline environments and are difficult to 
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distinguish from each other while others include Halophila ovalis (R. Brown) J. D Hooker, Ruppia 
maritima L. and Ruppia cirrhosa (Pentag.) Grande . The Paddle weed H. ovalis occurs along the east 
coast as far as south of Knysna where it grows on a sandy substrates in competition with Z. capensis 
(O’ Callaghan, 1987). Various authors have elaborated on the factors controlling the growth of 
submerged macrophytes. Begg (1984) suggested that light is the most important. According to 
Branch and Day (1984) sediment stability also influences submerged macrophyte colonisation. 
Macroalgae 
Typical genera of macroalgae in South African estuaries are Enteromorpha, Chaetomorpha, 
Cladophora, Ulva, Codium, and Caulerpa (Adams, 1994). Sousa-Dias (2008) suggested that 
temperature and solar radiation are generally considered very relevant environmental factors that 
determine macroalgal distribution both at worldwide and local geographical scales. In estuaries 
macroalgal distribution, abundance and diversity is affected by a range of abiotic factors such as 
salinity.  Biber and Irlandi (2006) found that drift algae such as Polysiphonia dominate in low and 
variable salinity sites as well as medium salinity sheet-flow sites. They also found distinct changes in 
the composition of the macroalgal community along a salinity gradient. Drift algae (Chondria spp., 
Laurencia spp.) were most commonly found at salinities of 10 ppt while rhizophytic calcareous green 
algae (Halimeda spp., Penicillus spp.) were most abundant at oceanic sites with higher salinity. Cabral 
et al. (1999) explained that nutrient enrichment may result in an increase in the abundance of 
opportunistic green macroalgae, such as Enteromorpha spp. and Ulva spp., which can cover 
extensive areas of the estuarine intertidal zone. 
Where a considerable amount of mixing occurs, such as in most permanently open estuaries, the 
dominant macroalgae are usually foliose members of the Division Chlorophyta, in the genera 
Enteromorpha, Ulva, or Cladophora. These genera have simple thallus structures (filamentous, sheet-
like, or tubular) and life history characteristics that favour success in a variable environment (Biber 
and Irlandi, 2006). Other studies did, however, find that some species are tolerant of different 
salinity ranges.  Enteromorpha is more tolerant of reduced salinity than Ulva sp. They also stated that 
Ulva rigida bloomed in summer when salinity remained above 20 ‰ (Biber and Irlandi, 2006). 
2.1.5.Environmental factors and effects on plant morphology in estuaries  
In its natural environment plants are under the influence of multiple stressors during their ontogeny 
(Treshow, 1970; Grime, 1993). Salt marshes are generally considered dependent upon recycled 
nutrients rather than those in the freshwater (Schelske and Odum, 1961). However, most of the 
nutrients are derived from muddy sediment and silt carried down in the rivers and deposited in salt 
marsh areas. According to Zedler et al. (1986) the assessment of sediment in salt marsh is important 
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because of the extreme conditions in these ecosystems and the changes in both physical and 
chemical properties. Thus important factors to measure and monitor include nutrients, pore water, 
organic matter and moisture content, sediment texture as well as water potential gradients (Zedler 
et al., 1986). The conservation of salt marshes depends mainly on freshwater input and tidal 
exchange (Adams and Bate, 1994a). Freshwater dilutes sediment salinities, thereby preventing dry 
hypersaline conditions that reduce macrophyte germination and growth (Adams and Bate, 1994a). 
The following section reviews important factors suggested to affect the morphology of plants and 
halophytes in particular.  
Salinity (Electrical Conductivity) 
Most saline soils are dominated by sodium ions, but also contain anions such as chloride and 
sulphate. These saline soils are characterised by having pH values that are low, low sodium 
absorption ratios (SAR) and electrical conductivities higher (>4 dS m_1) than in sodic soils. Salt-
affected soils contain sufficient concentrations of soluble salts to reduce the growth of most plant 
species (Flowers  and Flowers, 2005).The majority of the macrophytes, including angiosperms, are 
found growing at salinities of approximately 0.5 M NaCl (Waisel, 1972; Colmer and Flowers; 2008). 
Halophytes are unique plants that tolerate salt concentrations that would be detrimental to 99% of 
other species. However, Colmer and Flowers (2008) note that although halophytes have been 
recognized their definition remains ambiguous. Many authors use the definition put forward by 
Flowers et al. (1986a) that halophytes have the ability ‘to complete the life cycle in a salt 
concentration of at least 200 mM NaCl under conditions similar to those that might be encountered 
in the natural environment’.  
 
Waisel (1972) explained that a wide variety of terrestrial plant species can tolerate about one-tenth 
of the salinity of sea water. However there are a small group of higher plants that can grow and 
reproduce sexually under saline conditions. These plants (Halophytes) are capable of completing 
their lives cycles at salinities of at least 200 mM NaCl.  Waisel (1972) also summarised also 
summarised early thoughts and experiences of authors that encountered halophytes: in 1563, 
Dodens described Plantago maritima as a halophyte; Lobelius in 1576 called Salicornia a plant of the 
sea; Sloane in 1695 emphasized that Avicennia is a halophyte that is very successful in saline habitats. 
There exists a large quantity of literature regarding salt tolerance in halophytes. The ranges of 
adaptations are diverse and is said to be under genetic control (Flowers et al., 1986; Yeo, 1998; Zhu, 
2001; Apse and Blumwald, 2002; Borsani et al., 2003). The genus Sarcocornia is characterised as 
being succulent and when they grow in saline habitats they increase their internal water content 
(Adams and Bate, 1994a; Steffen et al., 2010). Naidoo and Rughunan (1990) found an increase in leaf 
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segment succulence with increase in salinity from 0-21.6 ppt for Sarcocornia natalensis, indicating 
that succulence may be an adaptive strategy to cope with high salt concentrations in soil. However, 
the study by Adams and Bate (1994a) showed that S. tegetaria showed reduced growth and wilting 
with an increase in salinity. They attribute this response to excess soluble salts in the sediment that 
increase the osmotic potential of the sediment preventing adequate water uptake resulting in plant 
losing water the environment and wilting.  The table below summarises some of these adaptations.  
Table 2.1: Summary of adaptations to high salinity tolerances in halophytes.  
 
Adaptation  References  
Germination responses Ungar, 2001; Naidoo et al., 2008  
Selective uptake and transport of 
ions 
Colmer and Flowers, 2008 
Ion compartmentation Epimashko et al., 2004; Leigh, 1997  
Production of compatible osmolytes Rhodes and Hanson, 1993; Huang et al., 2000;  
Succulence Naidoo and Naidoo, 1998; Naidoo et al., 2008  
Salt secretion Naidoo and Naidoo,1998; Ramadan, 2000  
 
Facultative halophytes 
Some species are referred to as facultative halophytes or brackish species suggesting that these 
plants possess some degree of salinity regulation.  These plants have the ability to tolerate increases 
in salinity with experiencing mortality, often at reduced growth rates as sediment salinity increases.  
A good example of such a plant is Phragmites australis is frequently fount growing at salinity at about 
15 ppt (Adams and Bate, 1999; Human and Adams, 2011). Differences in salinity tolerance can also 
be observed between closely related species, or even among ecotypes. For example, Limonium 
latifolium Sm was found to be more salt resistant, due to efficient exclusion of both Na+ and Cl– ions, 
than the closely related species L. caspia x L. latifolium cv. (Alarcon et al., 1999). Clevering and Lissner 
(1999) found Spanish populations of P. australis possessed higher Na+ accumulation and tolerance 
than populations in Denmark. 
Machado and Cruzan (2010) stated that environmental stress limits the survival and reproduction of 
organisms and shapes the course of their evolution. For the most part water limitation and excess is 
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of critical importance as it affects the systemic cellular responses, phenotypic changes and eventual 
genotypic composition of populations. Van Zandt and Mopper (2002) explained that increasing 
salinity is becoming a growing problem in wetlands. All these factors may affect the floral phenology 
of macrophytes. Flowering is an important life history trait that is under genetic and environmental 
influence and is critical for the evolutionary ecology of plant populations. Van Zandt and Mopper 
(2002) explained that when flowering is not synchronised it can impede gene flow and reduce 
reproductive success. In their study, Van Zandt and Mopper (2002) determined the effect of salinity 
on a salt marsh perennial Iris hexagona Walter (Iridaceae) and demonstrated that even relatively low 
levels of salinity can delay flowering. Salinity appears to prevent reproductive synchrony among 
plants growing in proximity, which should promote genetic heterogeneity within iris populations and 
maintain genetic heterozygosity in stressful environments where adaptive plasticity is necessary for 
survival.  
In a morphometric and physiological study by Naidoo et al. (2008) on the halophyte Odyssea 
paucinervis (Staph) it was found that like most other monocotyledonous halophytes, this species also 
exhibits little or no growth stimulation at low salinity while higher salinity reduced growth. Naidoo et 
al. (2008) also found a progressive suppression of whole plant growth with increase in salinity was 
associated with several specific structural changes that presumably prevented water balance from 
becoming detrimental to plant survival. These changes included reduction in the number of culms, 
leaves and internodes, length of internodes and length and width of leaves. These reductions were 
associated with progressive decrease in shoot length as salinity increased. Despite growth reduction 
at high salinity, plants appeared healthy with no signs of salt injury or mortality, even at 80% 
seawater for 11 weeks. 
Soil organic content  
Soil organic content, a major source of system stability in agroecosystems, is controlled by many 
factors that have complex interactions. The purpose of this study was to evaluate the major controls 
over soil organic carbon content, and to predict regional patterns of carbon in range and cultivated 
soils. Adams et al., (1999) state that a supratidal marsh with little tidal flooding is less important with 
respect to nutrient exchange than an intertidal marsh or submerged macrophyte bed. However, 
supratidal salt marshes can function as a sink for organic carbon (Adams et al., 1999). A recent study 
by Więski et al. (2010) showed plant productivity and soil organic content are reduced under saline 
conditions. Similar results were also found by Craft (2007) and Weston et al. (2006) where they 
suggest that salt-water intrusion may increase overall rates of organic matter decomposition. 
Howard (2010) in her studies also found variable results with organic content for Phragmites 
australis (Cav.) Trin. ex Steud., Schoenoplectus californicus (C.A. Mey.) Palla, and Schoenoplectus 
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robustus (Pursh) M.T. Strong. She also found an increase in stem length with organic content for 
Distichlis spicata (L.) Greene under low salinity conditions. Howard (2010) concluded that the nature 
of soil organic matter must also be considered when attributing beneficial growth effects to 
increased organic matter. Increasing content of labile organic matter enhances nutrient availability, 
while refractory organic matter does not affect nutrient availability. The decomposition and 
transformation of primary products from salt marshes provide nutrients for the growth of marsh 
plants (Odum, 1984). Sediment biogeochemical processes play important roles in the metabolism 
and nutrient cycling of salt marshes (Wang et al., 2010).  
On salt marshes soil organic content usually consists of carbon and nutrients in the form of 
carbohydrates, proteins, fats and nucleic acids. The stable organic component (humus) has both a 
nutrient-holding capacity as it adsorbs and holds nutrients, and a moisture-holding capacity. Through 
the process of decomposition and the colloidal nature of humus, nutrients are released in a form 
available to plants and plant productivity is enhanced (Doerr, 1990; Lickacz and Penny, 2001).  
 In South African estuaries during seasonal high flows the smaller, shallow estuaries such as the East 
Kleinemonde Estuary are effectively flushed of accumulated organic matter where as the larger, 
deeper and wider estuaries such as the Swartkops Estuary require much higher river inflows for 
effective flushing, which results in an accumulation of benthic organic matter. During the closed 
mouth state however, the breakdown of organic matter is still important with regards to supporting 
macrophyte growth. Die-back of macrophytes during extended periods of high level inundation may 
subsequently become a significant source of organic matter to the estuary when tidal exchange is re-
established, or when the system is flushed (Adams and Bate, 1994a; Adams et al., 1999; Taljaard et 
al., 2009).  
Greenwood (2008) found that salt marsh sediment typically consists of 47 % sand, 27 % silt/clay and 
26 % particle matter and organic matter. Organic matter is produced by numerous primary producers 
either connected to the sediment, such as benthic microalgae, macroalgae and rooted macrophytes, 
or in the pelagic areas, such as phytoplankton (Flindt et al., 1999). Sediment organic matter is 
therefore derived from bacteria or plankton and plant and animal detritus formed in situ and can be 
the result of macrophyte die-back due to elevated water levels (Adams and Bate, 1994b; Adams et 
al., 1999; Taljaard et al., 2009). Clarke and Jacoby (1994) suggest that Juncus kraussii productivity 
appears to accumulate in the upper salt-marsh due to the higher organic matter and nutrient 
concentrations in the sediments compared with those in the lower salt marsh zone. Consequently, 
organic matter and nutrients in the upper or supratidal zone may provide a source to the lower 
intertidal zone where detritus depletion occurs due to microbial activity and frequent tidal flushing 
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(Clarke and Jacoby, 1994). This is reflected in the sediments occupied by Sarcocornia tegetaria where 
the organic matter content is generally low (Davy et al., 2006). Productivity of Spartina alterniflora is 
also known to accumulate in sediments, although the proportion of organic material is less at lower 
latitudes (Bertness, 199). The accumulation of large amounts of organic matter due to annual 
decomposition of old reeds is common in stands of P. australis (Greenwood, 2008). According to 
Allanson and Baird (1999), during high spring tides, detrital plant material originating from intertidal 
salt marsh areas is deposited in the supratidal areas, which demonstrates the movement of organic 
matter or nutrients in an estuary, as proposed by Clarke and Jacoby (1994). Sediment organic matter 
is therefore a major source of nutrient supply for macrophytes (Flindt et al., 1999) and increases the 
water holding capacity of substrates, while low organic matter can lead to nutrient deficient 
sediments and low productivity (van Wijck, 19890; Mitsch and Gosselink, 2000; Bai et al., 2005). 
However, high organic matter may cause anoxic conditions, especially during the closed mouth 
condition of a temporarily open/ closed estuary (TOCE) (Adams and Riddin, 2007).  
Salt marshes differ with regard to the tidal exchange of nutrients (Jordan et al., 1983). In the Kowie 
Estuary, a temperate POE along the Eastern Cape coastline of South Africa organic carbon produced 
by the salt marsh plants remained in the estuary and was utilized by the organisms living there. 
Consequently the amount of organic carbon import from the marine environment was substantially 
higher compared to that which was exported from the estuary (Adams et al., 1999). Pennings et al. 
(2002) demonstrated that different macrophytes respond differently to nutrient inputs thereby 
modifying plant competitive interactions and community structure. Similar results were found by 
Clevering and van Gulik (1997) for reeds and sedges. Troyo-Dieguez et al. (1994) found that the 
growth of Salicornia bigelovii in Baja California Sur, Mexico, was positively correlated with sediment 
organic matter content.  
Aquatic plants have a differential growth response to varying sediments which may influence the 
species composition of aquatic macrophyte communities (Barko and Smart, 1983, 1986). This is 
because plants growing in infertile soils tend to increase the shoot to root ratio in the search for 
nutrients. As a result, those aquatic plants that can allocate resources to higher root formation 
should have a competitive advantage. Modifications in sediment organic matter due to catchment 
disturbance, mechanical bottom sediment disturbance and autogenic processes can therefore impact 
aquatic macrophyte composition (Barko and Smart, 1986), including tidal flushing in POEs and the 
mouth condition of TOCEs.  
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Water content  
Colmer and Flowers (2008) reviewed the effects of flooding on halophytes and stated that coastal 
marshes are subject to storm surges from time to time, and that these events might increase as sea 
levels rise. When soils are waterlogged they become anaerobic. Biological consumption of oxygen 
without effective replacement cause anoxia because the fluctuation of oxygen into soils is ca. 
320 000 times less when soil pores are filled with water than when they are gas-filled. When there is 
an oxygen deficiency in flooded soils, other compounds and ions that influence plant growth can 
accumulate, such as CO2, ethylene, Mn
2+, Fe2+, S2− and carboxylic acids. When plants are completely 
submerged, as in the case of many intertidal macrophytes, the distribution of oxygen and carbon 
dioxide to shoots are diminished. Reduced growth is preceded by stomatal closure, reduced 
photosynthesis, carbohydrate translocation, mineral absorption and altered hormone balance and if 
the underwater photosynthesis is restricted by low carbon dioxide and low light, less oxygen is 
available to diffuse through the plant body (Ernst, 1990; Naidoo and Mundree, 1993; Colmer and 
Flowers, 2008).  
Increased water levels can result in flooding of intertidal communities. Factors affected by flooding 
include; inhibitions of leaf growth, inhibition of stem extension, inhibition of photosynthesis, 
promotion of extension growth, senescence and reduced plant productivity (Jackson and Drew, 
1984). Extension growth or stem elongation has been reported by Jackson and Drew (1984) as an 
important method or response by aquatic plants to cope with submergence. The hormone ethylene 
is thought to be responsible for this and involves elongation of stems or petioles that ensures that a 
portion of foliage is raised above the water.       
Both local and international field and laboratory studies were done on salt marsh macrophytes with 
regard to the response to high water content (inundation and saturation). For most Sarcocornia 
species, O’Callaghan (1992) recorded rotting and subsequent decomposing of plants when they are 
completely submerged in the field. Adams and Bate (1994a) attributed the loss of succulence even at 
low salinity, but saturated soil, to osmotic potential driving water into leaf segments resulting in 
them to swell and then rupture. This was done in a laboratory experiment. Bornman (2002) also 
added that most emergent halophytes cannot withstand complete submergence for long periods and 
unless they are adapted to waterlogged conditions they normally show decreased growth. Bornman 
(2002) further noted the majority of inundation and waterlogging studies were conducted on 
intertidal species, for example Adams and Bate (1994, 1995). These studies concluded that 
inundation and waterlogging together with salinity are highly important in affecting their growth, 
distribution and survival. In the supratidal zone a number of studies were done on Atriplex spp. (Van 
Diggelen, 1991; Egan and Ungar, 1999) and one study on Sarcocornia pillansii (Bornman, 2002).  
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Redox potential 
The roots of plants provide two essentials: support and nutrition (Sanchez-Moreiras and Weiss, 2001; 
Fitter and Hay, 2002).  Sanchez-Moreiras and Weiss (2001) explained that because roots are usually 
the first organ in contact with nutrients present in soil it is it is vital in the absorption and transport of 
solutes through the plant. According to Opik and Rolfe (2005) ion uptake by roots begins with 
adsorption of cations to the cell in which polysaccharides carry negative charges.  These 
polysaccharides attract H+ moving out of the cells through proton pumping. Hydrogen ions are then 
exchanged for soil solution cations, which then become electro statically bound to the cell walls 
(Opik and Rolfe, 2005). Generally, there is a higher ionic concentration between roots cells and the 
surrounding medium and cells are normally negative with respect to the medium, with a potential of 
the order of -60 to 250 mV (Fitter and Hay, 2002). Cations can thus enter the cell, passively down the 
electrochemical gradient, although usually against the chemical concentration gradient for that ion.  
Fitter and Hay (2002) found that cations are actively exported back into the medium while anions are 
transported actively into root cells associated with protons, but against the electrochemical gradient. 
The electrical potential of soils is therefore important in the mineral uptake and the growth and 
reproduction of plants.  Soil saturation may not be harmful to plants provided that the roots are free 
of toxic substances and soils contain sufficient oxygen to allow normal respiration (Hillel, 1971). In 
the estuarine environment soil moisture content and redox potential are closely related. 
Waterlogged saline soils can show high redox potentials due to the low organic content of the soil 
(Rogel et al., 2001; Bornman, 2002) this may also be due to low microbial decomposition of organic 
matter (van den Brink et al., 1995; Rhao and Pathak 1996; Packham and Willis, 1997). Redox 
potential plays a very important role in the biochemical cycle of nitrogen and sulphur, and affects the 
mobility of heavy metals (Nyle and Ray, 1997). The reductions of Mn4+ to Mn2+, Fe3+ to Fe2+ and SO4
2- 
to S2- occur at redox potentials below approximately 200, 100 and 0 mV respectively (Bornman, 
2002). In the Knysna and Swartkops estuaries Muir (2000) also found that redox potential of the soil 
is directly proportional to the organic content of the soil and is correlated negatively to the moisture 
content of the soil and that B. diffusa were associated with high redox potential readings (290 -348 
mV).  Her study also found sudden increases in redox potential were accompanied by a change in 
most abundant species from S. tegetaria to B. diffusa in mid to upper intertidal areas.  
2.1.6.Impact of climate change on estuaries 
 Van Niekerk and Turpie (2011) summarised the effects of climate change on South African estuaries 
as the following: flow modification, sea level rise and increased temperatures and coastal storminess, 
leading to changes in physical processes (e.g. modification in mouth conditions,   salinity regimes, 
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nutrient pulses, sediment regimes) and biological responses (e.g. production, species composition) 
with an ultimate shift in ecosystem services. 
 The KwaZulu-Natal and West Coast estuaries will be the most effected by climate change from a 
structural and functional perspective, e.g. mouth state, nutrient supply, salinity distribution and 
ultimately production (e.g. fisheries). The Wild Coast, Eastern and Southern Cape estuaries will be 
most vulnerable to temperature regime shifts (both nearshore and land) and the associated range 
extensions of species and community composition changes. Climate change is one of many pressures 
acting on estuaries and should be viewed as an additional form of anthropogenic alteration (and not 
a separate pressure) in an already stressed ecosystem type, i.e. climate change acts as an accelerator 
of ecosystem change (Van Niekerk and Turpie, 2011) 
2.1.7.Morphological variation of estuarine macrophytes 
Salt marsh species are generally shallow rooted, with roots and rhizomes occurring within the upper 
10-15 cm of the soil (Snow and Vince, 1984). These species have adapted to live in these stressful 
estuarine environments. Some of these adaptations include osmoregulation, anaerobic metabolism, 
aerenchyma, xeromorphism, tolerance to salt and water stress and high water and nitrogen use 
efficiency. Different photosynthetic pathways other than C3 are also found in estuarine plants such as 
C4 and Crassulacean acid metabolism (CAM) (Drake, 1989). Tiner (1993) explains that plants growing 
on salt marshes can also be classified as wetland plants or hydrophytes however, most of these 
plants may not have an absolute requirement of wet soils for growth or reproduction.  Hydrophytes 
may be found in the terrestrial environments and be tolerant of different levels of moisture. Tiner 
(1993) suggests that there is a low morphological distinctiveness among wetland plants and as 
results most can only be recognised when they are in association with other macrophytes or under 
certain environmental conditions.  Table 1.4 is a summary of some of the morphological adaptations 
of salt marsh species.  
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Table 2.4. Estuarine macrophytes morphological variation in response to different environmental factors. 
 
Taxon Morphological characters References Estuary category 
Aster tenuifolius 
Positive correlation between plant height and 
soil salinity, water content, organic content 
and elevation  
Richards et 
al.(2005) 
Intertidal salt 
marsh 
Avicennia  marina 
Leaf size and shape, leaf area, length, average 
width, tip angle, thickness and succulence or 
water content. Tree attributes and leaf 
morphology varied with sediment 
characteristics. Leaf morphology more useful 
compared to alozyme analysis 
Duke et al. 
(1998), 
Melville and 
Burchett 
(2002) 
Mangrove 
Berula erecta 
Reduction in size and low overall 
plant drag at higher flow velocities 
Puijalon et 
al.2005 
Submerged 
macrophytes 
Borrichia frutescens 
Morphological variability throughout its range 
or  in relation to the local habitat 
Richards et 
al.(2010) 
Supratidal salt 
marsh 
Chenolea (Bassia) Pubescence, leave appendices  
Wilson 
(1984), 
Cabrera 
(2007) 
Salt marsh 
Cladophora 
Increase in the angle of braches with increase 
in flow velocity 
Dodds and 
Gudder  
(1992) 
Macroalgae 
Eicchornia crassipes 
Leaf (leaf blade size and shape) and root 
morphology in relation to exposure 
Wallace and 
Srb (1964) 
Submerged 
macrophytes 
Enteromorpha (Ulva) 
Separated into zones that receive different 
degrees of 
submergence 
deSilva and 
Burrows 
(1973) 
Macroalgae 
Halodule wrightii 
Leaf widths, lengths, sheath lengths, rhizome 
diameters and root densities variation over 
biogeographic range 
Creed (1997) Seagrass 
Halosarcia pergranulata 
Formation of  aerenchyma because 
waterlogged soils 
Pedersen et 
al.(2006) 
Intertidal Salt 
marsh 
Hormosira banksii 
No morphological variability throughout its 
range  in relation to the local habitat 
Ralph et al. 
(1998)   
Macroalgae 
Limonium carolinianum 
Positive correlation between leaf size and soil 
salinity, water content, organic content  
Richards et 
al.(2005) 
Intertidal salt 
marsh 
Phragmites australis  
Formation of  aerenchyma under waterlogged 
soils 
Armstrong et 
al. (1999) 
Reeds and Sedges 
Plantago coronopus 
Salt treatment led to a reduction of 
vegetative biomass and spike production but 
increased leaf dry matter percentage and leaf 
thickness 
Smekens and 
van 
Tienderen 
(2001) 
Intertidal salt 
marsh 
Plantago maritima  
decumbent and erect ecotypes evolved in 
response to water level 
and edaphic factors 
Gregor 
(1946) 
Intertidal salt 
marsh 
Potamogeton (Stuckenia) 
Leaf (leaf blade size and shape) and root 
morphology in relation to exposure 
Wallace and 
Srb (1964) 
Submerged 
macrophytes 
Puccinellia  
Variation in leaf blade and length of 
inflorescence axis within and between 
populations 
Davis and 
Gilmartin 
(1985) 
Intertidal salt 
marsh 
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Taxon Morphological characters References Estuary category 
Ruppia marit ima Shoot morphology 
Bigley and 
Harrison 
(1986) 
Submerged 
macrophytes 
Sagittaria graminea 
decumbent and erect ecotypes evolved in 
response to water level 
and edaphic factors 
Wooten 
(1973) 
Intertidal salt 
marsh 
Salicornia  Variation in plant height with inundation 
Noble et al. 
(1992) 
Salt marsh 
Sarcocornia decumbens 
Reduction in flowering and seed production 
in relation to prolonged inundation.    
Increase in plant height with prolonged 
inundation  and high redox potential and 
sediment organic content 
O’Callaghan 
(1990), 
Vromans 
(2010)   
Intertidal salt 
marsh 
Sarcocornia pillansii 
‘eco-morphotypes’ in relation to geography 
and elevation 
Steffen et al. 
(2010) 
Supratidal salt 
marsh 
Sarcocornia tegetaria  
At salinity greater than 35 ppt and complete 
inundation plants showed elongation growth. 
Branch production under various inundation 
treatments. Increases in plant height in 
relation to high rainfall and electrical 
conductivity.    
Adams and 
Bate (1995), 
Vromans 
(2010) 
Intertidal Salt 
marsh 
Spartina alterniflora 
Plant variation in response to salinity and 
elevation  
Anderson 
and 
Threshow 
(1980) 
Intertidal salt 
marsh 
Spartina anglica 
Biomass changes in relation to sediment 
particle size 
Huckle et al. 
(2002)  
Intertidal salt 
marsh 
Spartina spp.  
Changes in halophyte 
leaf size in response to environmental 
salinity.   Narrow leaves characteristic 
of high marsh species an adaptation to help 
regulate leaf temperature under low latent 
cooling 
Maricle et al. 
(2007) 
Across tidal 
elevation 
Sporobolus virginicus 
Formation of aerenchyma because 
waterlogged soils.  Reduced total biomass 
accumulation in relation to reduced soil redox 
potential 
Naidoo and 
Naidoo 
(1992)  
Naidoo and 
Mundree 
(1993) 
Supratidal salt 
marsh 
Suaeda depressa 
Stem orientation in response to salinity, 
nitrogen, 
and photoperiod 
Williams and 
Ungar (1972) 
Supratidal salt 
marsh 
Triglochin maritima 
Plant was strongly limited by both salinity and 
waterlogging 
Cooper 
(1982) 
Salt marsh 
 
 
Table 2.4 continue 
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2.1.8.Taxonomy, systematics, distribution and morphological variation of selected species. 
In South African estuaries there are approximately 230 macrophyte species in nine community types 
(Adams et al., 2010). These include macroalgae, submerged macrophytes, reeds and sedges, 
intertidal and supratidal emergent dicotyledonous and monocotyledonous plants, ferns, and large 
angiosperm trees. These species are distributed in about 77 families.       
Sarcocornia  
According to Kadereit et al. (2006) members of the subfamily Salicornioideae (Chenopodiaceae) 
often occur sympatrically or are sometimes organised along ecological gradients such as increasing 
salinity or flooding. Another characteristic of these plants is that where salt concentration becomes 
lethal for other plants, or flooding periods are too long, Salicorniodieae often form monospecific 
stands (O’ Callaghan, 1992; Adams, 1993; Kadereit et al., 2006; Steffen et al., 2010). There has been a 
number of revisions of the subfamily Salicornioideae where most of the genera has been 
circumscribed e.g. Ulbrich (1934, cited in Kadereit et al. 2007), Scott (1977) and recently Kadereit et 
al. (2006) 
In the sister taxa Salicornia Kadereit et al. (2007) reported that due to habitat characteristics such as 
tidal dynamics, tidal scour, salinity (fluctuates greatly due to different factors such as tidal cycles, 
evapotranspiration, precipitation and availability of fresh groundwater), waterlogging, soil texture 
and nutrient supply  these species requires great physiological plasticity that often lead to 
phenotypic variation. Seeds of Salicornia may accumulate in depressions, below algal mats or around 
silted mother plants, or remain attached to the buried stems of the mother plants. In dense 
populations, Salicornia -like most plant species -tends to be less branched, remains smaller, has 
fewer and smaller inflorescences and sometimes larger numbers of sterile segments especially in the 
shaded, basal branches where as in open stands and particularly in nutrient- rich places plants tend 
to be larger, with a more elaborate branching pattern and root system (Kadereit et al., 2007).  
The mostly widely used classification is that by Scott (1977) that defined them as follows: (1) 
Salicornia L.  as  annuals plants with flowers unequal in size and arranged in a triangle, seeds 
membranous and hairy without perisperm; (2) Sarcocornia A.J. Scott: shrubby plants with flowers 
positioned at more or less equal height, seeds as in Salicornia; (3) Arthrocnemum: shrubby, flowers 
positioned at equal height but hidden by bracts seeds glabrous, crustaceous, with abundant 
perisperm. This view was adopted by most recent floras and synopses including O’Callaghan (1992) 
for South African taxa. 
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The most recent review (also used in this study) is by Steffen et al. (2010) that define the genus 
Sarcocornia as follows: perennial, halophytic species, which are perennial herbs, subshrubs or shrubs. 
The decumbent to erect stems are composed of fleshy, cylindrical, barrel- or club-shaped internodes 
(segments) and more or less constricted nodes with opposite, connate leaves that are strongly 
reduced and only visible as a small rim at the upper edge of the segment giving a characteristic 
articulated appearance. The vascular cylinder is enclosed by an inner water storage tissue and an 
outer photosynthetically active chlorenchyma referred to as cortex here. The cortex often dries up 
and falls off on older stems. The spike-like inflorescence is a thyrse, and the flowers show a simple 
perianth with 3-4 fleshy, connate tepals. Habitat characteristics, in particular the position along 
salinity and flooding gradients, composition of plant communities and geographic distribution appear 
as important information used in the delimitation of taxa within Sarcocornia. South Africa is the 
centre of specific endemism for this genus. In South Africa, Namibia and Mozambique twelve species 
and one subspecies are known (Steffen et al., 2009, 2010). This section is a review of the three 
Sarcocornia species used in this study.   
Sarcocornia decumbens (Tölken) A. J. Scott 
Morphological description 
This species, as the specific epithet suggests, is a decumbent subshrub that can be up to 50 cm in 
height. The main branches are woody reaching diameters of up to 15 mm (Plate 1). These main 
branches are not laterally flattened but may root at the nodes unlike the secondary branches usually 
erect and but may form lateral branches thus forming dense mats.  The leave segments are strongly 
succulent, cylindrical to obconical, old segments also barrel-shaped. The segments are 8–18 mm 
long, 1–3 (–5) mm (dried), 2–3 (–5) mm (fresh) in thickness.  The older segments are corky with a 
papery epidermis that adheres to the stems, leaf apex slightly keeled, margin of young leaves slightly 
spreading in herbarium material, truncate to funnel-shaped (Steffen et al., 2010).   
The Inflorescences terminal, seldom lateral, 8–75 mm long, (2–) 4–6 mm (dried and fresh) in 
diameter, with 2–24 fertile segments, cylindrical, rarely tapering, flowering segments much wider 
than the vegetative segments below. Sarcocornia decumbens is the only southern African species in 
the genus with up to seven flowers per cyme. The flowering segments are much wider than the 
vegetative segments below and the perianth becomes corky when fruiting. Lithauer (1989) found a 
dense stoloniferous network of roots in the top 2 cm of soil. Below this a dense mat of fibrous roots 
penetrate the soil up to a depth of 7 cm.  
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Distribution in South African estuaries  
Steffen et al. (2010) found this species distributed in tropical and subtropical estuaries along the 
southern and eastern coast, from Overberg in the Western Cape of South Africa as far as Matola in 
Mozambique.  It typically occurs on both sandy and clay soils in the middle to upper zone of estuaries 
just below the Sarcocornia pillansii zone.  In the Great Brak Estuary it can be found sympatrically with 
S. pillansii (DWAF, 2008). In SA estuaries S. decumbens is found in 35 estuaries where it usually 
becomes inundated by spring tides (Adams et al., 2010; Steffen et al., 2010).    
Habitat requirements    
In the Knysna Estuary Muir (2000) found the sediment conditions associated with Sarcocornia 
decumbens: 28-34 ppt, substrate composed of majority fine to coarse clay particles  (67 %) fine to 
coarse silt particles (28 %) and sand particles (5%),  pH - 6.68, organic matter content  35-41 %, 
moisture content  46-52 %, redox potential - 210mV and conductivity - 21-24 mS.  
The study by Vromans (2010) found Sarcocornia decumbens in the East Kleinemonde Estuary where 
sediment salinity ranged from 7.3 to 38.7 ppt but was mostly between 16 and 30 ppt. The sediment 
electrical conductivity ranged from 12.6 to 77.2 mS and pH ranged from 3.8 to 7.9, but was mostly 
alkaline throughout the study period. Conditions were very acidic for three months i.e. February 
2009 to March 2009. The redox potential ranged from -313.9 to +455.9 mV, but was mostly negative 
throughout the study period, due to inundation. The monthly average water level measured in the 
quadrats ranged from 0 to 74.9 cm. The percentage sediment moisture content and organic matter 
content ranged from 6.4 to 22.4 % and 0.7 to 4.9 %, respectively. These two studies recorded 
environmental variables that are very dissimilar from each other.  
Morphological variation 
Very few studies have been conducted on Sarcocornia decumbens. DWAF (2008) attribute this to the 
unresolved taxonomy of the genus at the time. They also suggested that research on the effect of 
inundation on salt marsh seedling establishment and the salinity tolerance of Sarcocornia decumbens 
is needed to better understand the responses of the plants to environmental changes. However, 
O’Callaghan (1990) showed that prolonged inundation slows flowering and subsequent seed 
production in Sarcocornia decumbens.  
 Vromans (2010) recorded an increase in plant height during a period of prolonged inundation and 
seedling emergence where the water receded; this in the East Kleinemonde Estuary. The mean 
monthly increase in plant height was 12.3 % or 3.2 cm. High redox potential and sediment organic 
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content and was correlated with an increase plant height and the number of inflorescences and 
seeds where as these characteristics were negatively affected by high water levels.  
 
Plate 1: Morphology of Sarcocornia decumbens in the a) the Kowie Estuary and b) the Great Brak Estuary 
(Taken by Dr. T. Riddin) 
 
Sarcocornia pillansii (Moss) A. J. Scott 
This species can be described as an erect to decumbent shrub that can grow up to 70 cm high (Plate 
2). The main branches may be up to 30 mm thick and are laterally compressed, gnarled, bark rough. 
The shape of the segments is cylindrical to slightly obconical. Segments   appear strongly succulent 8 
to 20 mm long and 2 to 4 mm (dried and fresh) wide. The inflorescences are terminal and lateral, 3 to 
65 mm long and cylindrical, flowering segments slightly wider than vegetative segments below. 
There are three flowers per cyme, central flower often larger than lateral ones, protogynous, stigma 
short (1–2 mm), bifid or trifid, one or two, rarely 0 stamens. Seeds are approximately 0.9-1.1 mm 
long, 0.7-0.9 mm broad, testa tuberculate, papillae 30 µm long, tip rounded (Steffen et al., 2010).  
Distribution in South African estuaries  
Sarcocornia pillansii is a widespread species along the South African coasts where it can be found 
from the Orange River mouth (straddling border between Northern Cape and Namibia) to Umlalazi in 
KwaZulu-Natal. Mucina et al. (2006) classify the types of vegetation bearing this species as Arid 
Estuarine Salt Marshes, Cape Estuarine Salt Marshes, Cape Inland Salt Pans, Cape Seashore 
Vegetation, Namaqualand Riviere, Muscadel Riviere, and Subtropical Estuarine Salt Marshes (Steffen 
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et al., 2010). According to the Adams et al. (2010) this species is distributed in 31 out of 277 
estuaries.    
Habitat requirements    
Steffen et al. (2010) found that Sarcocornia pillansii occurs on sandy to clayey soils in saline habitats 
such as inland salt pans, saline bottoms of intermittent rivers in seasonally arid regions, and it is 
regularly found dominating supratidal terraces of salt marshes in most of the estuaries spanning the 
West and East Coast of South Africa. The habitats preferred by S. pillansii are always outside direct 
influence of tides. Muir (2000) found this species to occur on substrate with the majority fine -coarse 
clays (67%) fine to coarse silt particles (30 %) and sand particles (3%). The sediment pH - 6.7 and 
organic matter content 31-44 %. Moisture content was 12-19 %, redox potential 247 mV and 
sediment electrical conductivity 34-45 mS.  Muir (2000) also found that the salinity range for the 
species is 28-34 ppt and elevation of 150 cm above mean sea level.   
 Bornman et al. (2008) investigated environmental factors controlling vegetation zonation patterns 
and the distribution of vegetation types in the Olifants Estuary in South Africa. The distribution of 
Sarcocornia pillansii was influenced by soil moisture, distance from the estuary, elevation above 
mean sea level, and depth to the water table. Moisture is a key ecological driver for salt marsh 
vegetation, especially in arid areas of southern Africa. During prolonged dry periods, a shallow saline 
water table in the floodplain is an important source of moisture. In the same estuary, the distribution 
of S. pillansii was studied in relation to depth to the water-table and the sediment electrical 
conductivity of the groundwater. Where the groundwater was accessible (< 1.5 m) and had a low 
sediment electrical conductivity (< 80 mS m−1), S. pillansii extended its roots down to the water-
table where a suitable water potential gradient was found between the soil and roots. In areas where 
the groundwater was too deep and/or hypersaline, the plants grew on hummocks. The unconfined 
aquifer below the floodplain is linked to the estuary and although diurnal tidal waves were 
dampened, water-table level fluctuations were recorded between tidal events. The complex 
geomorphology of the floodplain influences groundwater flow, in turn affecting the distribution of 
the salt marsh vegetation.  
Morphological variation 
In terms of morphology and the factors influencing the phenotype of Sarcocornia pillansii there are 
few literature sources available. This species also requires further research. However, Steffen et al. 
(2010) reported the following ‘eco-morphotypes’: The typical eco-morphotype occurs in most of the 
estuaries (except for Orange River) and in many inland regions (except for Namaqualand). This type is 
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morphologically distinguishable by the low-shrub growth-form with branches decumbent to erect, 
often entangled. Inflorescences are usually club-like, both terminal and lateral. The morphotype 
having a more robust shrubby growth form with thick branches and partly fastigiate habit, dense 
long inflorescences and often red-tinted stems is found in arid estuaries and deep inland on saline 
bottoms of intermittent rivers in Namaqualand.  
In the Olifants River Estuary both the typical and Namaqualand eco-morphotype occur, well 
separated along an elevation gradient, with the typical eco-morphotype at low-lying supratidal 
terraces and the Namaqualand eco-morphotype at more elevated sites. Long and very slender 
inflorescences are typical of a narrowly distributed eco-morphotype found near Robertson in the 
Breede River valley. This Robertson eco-morphotype occurs in the Breede River valley only at a single 
locality, while other populations in the valley obviously belong to the typical eco-morphotype. 
Another aberrant eco-morphotype has been discovered on the edges of inland salt pans of the 
Overberg (region around Elim and Struisbaai, Western Cape). The Overberg eco-morphotype is 
invariably a low shrub with short side braches carrying stout and abundant terminal/lateral 
inflorescences. Finally, the Orange River eco-morphotype shows the habit of the typical eco-
morphotype, but is characterized invariably by corky, swelling internodes (Steffen et al., 2010). 
 
Plate 2:  Morphology of Sarcocornia pillansii in the a) the Great Brak Estuary and b) the possible hybrid in the 
Kowie Estuary (Taken by D. A. Veldkornet (a) and Dr. T. Riddin (b)).  
 
 
 
 
56 
 
Sarcocornia tegetaria S. Steffen, Mucina & G. Kadereit 
Steffen et al. (2009) describes  Sarcocornia tegetaria as  a prostrate to decumbent subshrub, forming 
dense mats to 20 cm thick, main branches prostrate, 1–3 (–6) mm in diameter, often slightly 
thickened and rooting at the nodes, lateral branches often arising in pairs from the nodes. Segments 
strongly succulent, barrel-shaped to obconical, 7–15 mm long, 1–4 mm (dried), 2–5 mm (fresh) wide, 
dead cortex adhering to the stem but disintegrating from prostrate main branches, leaf apex not 
keeled, leaf margin truncate, rarely spreading in herbarium material, segments strongly flattened in 
herbarium material accentuating the stem.  The inflorescences are terminal, rarely lateral, 8–70 mm 
long, 2–4 mm (dried), 2–6 mm (fresh) in diameter, with 2–22 fertile segments, tapering, flowering 
segments slightly wider than vegetative segments below. There are three flowers per cyme with the 
central flower slightly longer than lateral ones, protogynous, stigma bifid, 1 or 2 stamens. The seeds 
are ca. 1.0-1.5 mm long, 0.8-1.3 mm broad, at the edge covered with hairs, hairs adjacent to erect, 
ca. 200 µm long, involute at the tip, testa ruminate at the depression.  
Steffen et al. (2009) explained that the name change from Sarcocornia perennis (Mill.) A.J. Scott to 
Sarcocornia tegetaria S. Steffen, Mucina & G. Kadereit based on genetic analysis by Kadereit et al. 
(2006) is because S. tegetaria represents an independent evolutionary entity nested among South 
African species of Sarcocornia.  Morphological studies by Steffen et al. (2009) also revealed that 
many of the specimens that could be ascribed to Sarcocornia tegetaria possess sets of characters 
transitional between S. tegetaria and other species of the genus. They suggest that when occurring 
sympatrically, frequent hybridisation takes place between S. tegetaria and other species of the 
genus.  
Distribution in South African estuaries  
According to Adams and Bate (1994a) Sarcocornia tegetaria occurs in a number of South African 
estuaries where is it found in the in the low to mid intertidal zone. They also explained that this 
species is adapted to a wide range of environmental conditions where it is frequently subject to 
flooding of freshwater during a flood and seawater during high tides. Steffen et al. (2009) found 
Sarcocornia tegetaria in sandy estuaries, in the lower intertidal zone often accompanied only by sub-
tidal grasses such as Zostera capensis Setch. (Zosteraceae) and Sporobolus virginicus (L.) Kunth 
(Poaceae) and scattered populations of Salicornia meyeriana Moss (Chenopodiaceae) complex and 
various Triglochin L. (Juncaginaceae). According to the Estuarine Botanical Database S. tegetaria 
occurs in 40 out of 277 estuaries (Adams et al., 2010).   
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Habitat requirements 
The ideal salinity range for S. tegetaria is 0 - 15 ppt (Adams and Bate, 1994a). A study in the Knysna 
Estuary, South Africa, it was found that the sediment organic matter content ranged from 35 - 41 % 
and the moisture content from 46 - 52 %, while pH ranged from 6.6 -7.1 and redox potential from 
+283 to +495 mV (Muir, 2000). 
Morphological variation  
Adams and Bate (1994a) in a laboratory study tested the effect that a wide range of salinity and 
inundation would have on the growth of the species. Their results revealed that plants grow best at 
salinities below that of 35 ppt with high soil moisture content (complete saturation) but that at 
salinities greater than 35 ppt and complete inundation plants showed elongation growth. At salinity 
above 35 ppt plant segments width was decreased as a results of loss of turgor.  Branch production 
was also noted under various inundation treatments: when plants were in soils completely saturated 
with water most side branches was produced; under free drainage or damp conditions and saturated 
conditions branch production was only reduced at high salinity; when plants were inundated  branch 
production was reduced. Succulence (measured as stem water content) was low when sediments 
were saturated even if salinity was high, whereas under drier conditions and brackish conditions 
succulence was the greatest. Mature individuals show a red colouration of the stem tip that indicates 
a high level of salt accumulation. In spring, vegetative and reproductive growth is the greatest in S. 
tegetaria. Vromans (2010) recorded increases in plant height in relation to high rainfall and electrical 
conductivity.    
 
Plate 3:  Morphology of Sarcocornia tegetaria in the a) the Knysna Estuary and b) Great Brak Estuary (Taken 
by D. A. Veldkornet (a) and Dr. T. Riddin (b)).  
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Bassia diffusa (Thunb.) Kuntze (=Chenolea diffusa Thunb.) 
Morphological description 
Brenan (1988) describes B. diffusa as a low growing decumbent often straggling shrub (subshrub) 
about 10–25 cm in height (Plate 4). The thin stems are densely covered with hairs while the leaves 
are linear to lanceolate, ascending when young, later spreading and are solidly arranged along the 
stems. The lengths of leaves are approximately 4–15 (17) mm and 1–3 mm wide. Leaves are acute at 
apex more or less densely appressed-silky on both surfaces. The flat leaves have a unique anatomy 
among Camphorosmeae, with numerous horizontally arranged vascular bundles located in a sharply 
separated aqueous tissue and a distinctly fenestrate C3-chlorenchyma. Flowers are yellowish-green 
about 1.5–2 mm in diameter also densely silky-hairy outside. The sessile, ebracteolate flowers are 
solitary or in axillary clusters of 2–3(5), sometimes above a dense ring of long spreading hairs 
produced from the axil of the subtending bract. The fruiting perianth is 3–5 mm in diameter with five 
short thick triangular wings.  Horizontal seeds are ellipsoid 2–2.2 × 1.5–1.8 mm and brownish-black in 
colour (Brenan, 1988; Jacobs, 2001, Kadereit and Freitag, 2011).  
Taxonomy and phylogeny  
Turki et al. (2006) explains that it is extremely difficult to distinguish and identify the genera Bassia, 
Kochia, and Chenolea. Already in 1962 Maire (cited in Kadereit and Freitag, 2011) proposed the 
lumping of Chenolea to Bassia. Scott (1978) revised Camphorosmeae which he raised to subfamily 
level and introduced the new tribes Sclerolaeneae and Maireaneae to include the Australian genera. 
In this review he emphasized the significance of structure of perianth appendages in the Australian 
genera, in Kochiinae he considered this character as less significant and included Kochia (with wings) 
as a section of Bassia (with spines) where Londesia and Chenolea (without appendages) were also 
included as sections. Subsequently the taxon Chenolea diffusa was changed to Bassia diffusa. Watson 
and Dallwitz (1992) and Al-Eisawi (2004, cited in Turki et al., 2006) treated Bassia, Chenolea and 
Kochia as separated genera. The results from a study on the seeds and pollen by Turki et al. (2006) 
also indicated considerable differences between the three studied genera and support the treatment 
of them as different genera. According to Kadereit and Freitag (2011) Scott’s suprageneric 
classification was rarely used in floristic accounts and most authors also were reluctant to accept his 
broadened concept of Bassia. Despite this Bassia diffusa is still the accepted name in the South 
African Plant Checklist and Database.  
 
The species Bassia diffusa belongs to the sub family Camphorosmeae within Chenopodiaceae 
because they share an annular embryo with the other tribes of this subfamily (Kadereit and Freitag, 
2011). In Camphorosmeae most species are dwarf shrubs or annuals, or more rarely perennial herbs. 
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They have alternate leaves, inconspicuous, sessile flowers and variously appendaged nut-like fruits 
Scott, 1978). In a recent study by Kadereit and Freitag (2011) it is suggested Camphorosmeae evolved 
in the early Miocene and that the development of C4-photosynthesis which facilitated the spread 
into drier habitats of Eurasia and later during the middle Miocene to Africa.   Kadereit and Freitag 
(2011) also found that, using rbcL analysis, the three major clades (Chenolea clade, Sclerolaena clade 
and Bassia/Camphorosma clade) still remains conflicting.  
 
Distribution in South African estuaries  
 In the Berg River Estuary Bassia diffusa was the most abundant salt marsh species along all transects 
sampled but with Sarcocornia pillansii occurred in association with sedges and more salt-tolerant 
species. Taller sedges might negatively affect growth of other species. Distribution patterns of the 
more salt-tolerant species were irregular. Growth of those species co-occurring with the taller sedges 
was lanky, requiring sedges for mechanical support (Boucher and Jones, 2007). Adams and Bate 
(1995) found B. diffusa to occur in permanently open and temporarily open/ closed estuaries. 
Generally, in permanently open estuaries in the lower intertidal zone Spartina maritima Curtis 
(Fernald) is found followed by Sarcocornia tegetaria (Mill.) Scott (Sarcocornia tegetaria) occurs, 
which is replaced at higher levels by Triglochin spp., Limonium scabrum (Thunb.) Kuntze and B. 
diffusa in the supratidal zone. In tropical estuaries such at the Mngazana Estuary the highest of the 
mangroves zone is characterised by salt marsh plants at the spring high water mark.  Here B. diffusa 
occupies this metre wide zone, forming dense stands, approximately 25 cm in vertical height (Colloty 
et al., 2000a). In temporarily open/ closed estuaries such as the Great Brak Estuary B. diffusa also 
occurs in the supratidal salt marsh where it was found that high water levels and flooding of the 
marsh reduced the cover of Bassia diffusa (DWAF, 2008). Bassia is one of the most widely distributed 
species in the family Chenopodiaceae occurring in 62 of all South African estuaries (Adams et al., 
2010).  
Habitat requirements 
The species occurs on elevated salt marsh or supratidal salt marsh with high organic and clay 
contents and high salinities within the substratum (O’Callaghan, 1992).  Plants can occur as solitary in 
the upper parts of the MHWN to MHWS zone or as small shrubs near the top of the zone with 
Suaeda inflanta (L.) Forssk. (O'Callaghan, 1992). In the Knysna Estuary Bassia diffusa form the 
patches in the lower reaches at a salinity range between 28-34 ‰. . Abundance is decreased in the 
middle reaches of the estuary but is increased at about 11 Km from the mouth at a salinity range 
between 5-24 ‰. The supratidal marshes extended from HWN to EHWST. Populations of B. diffusa 
occurred from 10 cm below HWN to above EHWST level at 150 cm above MSL in the lower reaches. 
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In the middle reaches it extended from HWN to above EHWST at 160 cm above MSL. In the upper 
reaches it occurred from HWST to above EHWST at 170 cm above MSL (Maree, 2000). Muir (2002) 
recorded the following habitat requirements: High organic and clay contents. pH - 7.8, Moisture 
content45-48 %,  Organic content 56-60 %,  Substrate type - coarse - fine clay particles 76 %, fine - 
coarse silt  particles - 23 %, sand - 1%,  Redox potential - 310mV and Conductivity - 38-46mS. 
Morphological variation  
No studies are available on morphological variation. However, Wilson (1984, cited in Kadereit and 
Freitag, 2011) found that the fruiting perianth appendages exhibit a range of morphological plasticity 
and are indispensable in identifying species.   
Sporobolus virginicus (L.) Kunth 
Morphological description  
Sporobolus virginicus (Poaceae) (coastal dropseed) is a halophytic C4 rhizomatous, perennial grass  
with erect culms up to 30 cm tall that is found worldwide from tropical to warm temperate regions 
(Plate 3). The inflorescence is a panicle, which flowers mainly from November to May (late spring to 
late autumn) (Gallagher, 1979; Blits and Gallagher, 1991; Marcum and Murdoch, 1992; Naidoo and 
Naidoo, 1998; Bell and O’Learly, 2003; Vromans, 2010).  
Distribution in South African estuaries  
Naidoo and Mundree (1993) found that this species to be widespread and ecologically important 
pioneer species along lagoons, sandy beaches and estuaries. Vromans (2010) noted that S. virginicus 
inhabits the supratidal areas of estuaries and tolerates highly saline sediments and frequent 
inundation. Adams et al. (2010) found this species to occur in 131 out of 277 estuaries.   
 
Habitat requirements 
The ideal salinity range for S. virginicus is 1 - 13 ppt but it has been found growing in salinity levels of 
28 -34 ppt (Breen et al., 1977; Marcum and Murdoch, 1992; Naidoo and Naidoo, 1998; 1999; Muir, 
2000). The species can withstand long periods of waterlogging (Naidoo and Mundree, 1993) and is 
usually found in sediment pH levels of 6 -8. A study in the Knysna Estuary, South Africa, found that 
the sediment organic matter content ranged from 4 - 58 % and the moisture content from 6 - 23 %, 
while pH ranged from 4.8 - 9 and redox potential from 109 -352 mV in the plant‘s habitat (Muir, 
2000). 
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Morphological variation  
Previous studies on S. virginicus have investigated cold tolerance (Straub and Gallagher 1989), 
salinity and nitrogen (Gallagher, 1979), anaerobic substrate tolerance (Naidoo and Naidoo 1992), 
salinity and anaerobiosis (Breen et al. 1977; Donovan and Gallagher 1985) and salinity (Marcum and 
Murdoch 1992). In this species tolerance to nonsaline waterlogging is achieved through several 
strategies, including increased internal aeration, development of adventitious surface roots and 
altered biomass distribution (Donovan and Gallagher 1984; Naidoo and Naidoo 1992). In a 
hydroponic study on S. virginicus, concurrent oxygen deficit (induced by purging with nitrogen) and 
salinity stress produced several morphological responses including reduction in growth and altered 
biomass distribution. Furthermore, the degree of growth reduction was similar whether independent 
or concurrent stresses were applied (Donovan and Gallagher 1985).purging with nitrogen) and 
salinity stress produced several morphological responses including reduction in growth and altered 
biomass distribution. Furthermore, the degree of growth reduction was similar whether independent 
or concurrent stresses were applied (Donovan and Gallagher, 1985). Naidoo and Mundree (2002) 
investigated the effects of waterlogging and salinity on morphological and physiological responses in 
Sporobolus virginicus. Flooding at low salinity caused initiation of adventitious surface roots. 
Increased salinity under waterlogged conditions decreased belowground biomass and the number of 
culms per plant. Combined waterlogging and salinity stresses, however, had no effect on 
photosynthesis or on the concentrations of proline in leaves or roots. Vromans (2010) found high 
redox potential correlated with an increase in live plant cover, plant height and the number of 
inflorescences and seeds. High water levels negatively correlated with the number of seeds and plant 
height. 
 
Juncus kraussii Hochst subsp. kraussii 
Morphological description  
 All species belonging to the subgenus Juncus are long-lived perennials that developed shoots from 
the base of the old individual (Snogerup, 1993) (Plate 3).  The leaves are arranged basally, and are 
born on extremely abbreviated internodes of the culm base. They may appear as deviating at 
different heights only because of successively longer sheaths of later leaves. The leaf tip is pungent, 
sclerenchymatous and sharply pointed. The inflorescence is composed of a variable number of heads 
each usually few-flowered. Rarely, some flowers occur singly but this most probably reflects a 
reduction of few-flowered to one-flowered heads. All inflorescences in the genus Juncus are probably 
best explained as racemes with all flowers in a lateral position. The floral parts are usually arranged 
62 
 
in a conspicuous vertical sequence, and the capsule is shortly stipitate. The uppermost part of the 
short pedicel is often incrassate and more or less spongy, coalescent with the thickened and dorsally 
ridged bases of the outer tepals which are often inserted only slightly below the inner ones 
(Snogerup, 1993; Kirschner, 2002; van Ginkel et al., 2011).  
According to Snogerup (1993), most species of Juncus subgen. Juncus occur in saline seashore 
habitats or in ecologically similar localities in desert and steppe areas. He further suggested that the 
common ancestor of the subgenus probably evolved from the early Juncus forms by an adaptation to 
localities with high water stress and that this is reflected in obviously adaptive characters such as the 
hard leaf and culm surfaces with stomata in rills, the tough, deep-growing roots and the strong, 
perennating basal parts of the large plants.  
This species Juncus kraussii Hochst can be described as a rigid perennial plants with culms 40-130 cm 
high, 2-4 mm thick, rigid, with 1-2 basal sheaths and 1-8 basal leaves. The leaves are approximately 
20-65 cm long and 1.5-5 mm thick. Inflorescence 5-20 cm long, 3-7 (-10) cm broad, lax, usually broad 
but sometimes elongated by subdivision in two parts, rarely congested to a few clusters, with 50-
1000 heads. First bract 5-20 (-40) cm long, including the 1.5-4 cm long sheath, the second 2-5 cm, 
including the 1-2 cm long sheath; bracts of the heads ovate, usually 2/3 as long as to equalling 
flowers. Heads 2-6-flowered. Most flowers functionally unisexual, in some specimens female with 
only rudimentary filaments, in others functionally male with degenerating ovary and reduced 
stigmata. Tepals 2.5-3 (-4) mm, outer slightly longer, with a scarious margin, non-scarious part when 
young herbaceous, later straw-coloured to light brown, with darker, usually reddish brown to chest-
nut-coloured outer and apical zone, inside of a similar dark colour except for the scarious margin, 
outer tepals ovate, cymbiform, usually with a small mucro, with a conspicuously keeled basal part, 
when young with wide, fragile scarious margin apically, later and in dried state the scarious parts 
often collapsed, the tepals thus appearing acute and more long-mucronate, inner tepals oblong, with 
apical scarious wings but not notched. Stamens 6, c. 2/3 as long as tepals, anthers 1.3-1.6 mm long, 
3.5-6.5 times as long as filaments, yellow as young, filaments 0.25-0.45 mm long. Style 0.4-0.75 mm 
long, stigmas 1.0-1.3 (-1.8) mm long. Capsule 2-2.5 (-3) mm long, equalling or up to 0.5 mm 
exceeding tepals, mucro 0-0.3 mm long, trilocular with obvious placental wings centrally, usually 
containing 25-35 seeds. Seeds 0.7-0.8 mm, including the seed-coat 0.8-0.9 mm long, 0.35-0.4 mm 
broad, 20-25-striate, transverse striae inconspicuous, c. 20 per longitudinal field; seed-coat forming 
two small, unequal appendages. There are three subspecies:  J. kraussii subsp. austerus (Buchenau) 
Snogerup, J. kraussii subsp. australiensis (Buchenau) Snogerup, J. kraussii subsp. kraussii with the 
latter species being distinguished from the other taxa by being dioecious  with functionally unisexual 
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flowers and broad inflorescences (Haines et al., 1983; Snogerup, 1993; Kirschner, 2002; van Ginkel et 
al., 2011).  
Distribution in South African estuaries  
Juncus kraussii is widely distributed in South African estuaries where it occurs in all biogeographic 
zones (Adams et al. 2010). Adams et al. (1999) explain that J. kraussii populations are found under 
closed mouth conditions and when there is a strong freshwater inflow into estuaries as well as areas 
where there is freshwater seepage. Naidoo and Kift (2006) found J. kraussii to be common along the 
KwaZulu-Natal coast where it forms an integral part of the vegetation of salt marshes, borders of 
lagoons near the sea and mangrove swamps. According to the Estuarine Botanical Database this 
species occurs in 215 of about 277 estuaries making it the most widely distributed South African 
estuarine macrophyte (Adams et al., 2010).   
 
Habitat requirements 
Like most reeds and sedges Juncus kraussii are typically found in areas of lower elevation, soils high 
in moisture and low in salinity.   Juncus species are characteristic perennial plant species of the upper 
levels of many sandy and muddy salt marshes where it may be partly flood-tolerant because of 
regular and prolonged inundation in autumn, winter and spring in the natural habitat (Rozema and 
Blom, 1977). Juncus kraussii Hochst. can form a narrow zone near  MHWS in parts of the estuary 
where the salinities do not exceed 20 ppt. Under these conditions, J. kraussii can develop into 
relatively large sedgefields with associated species such as Samolus porosus (L.f.) Thunb. Muir (2000) 
found Juncus krausii growing on substrates containing majority fine and coarse sand particles (78 %) 
as well as fine -coarse silt particles (22 %),  pH - 7.29,  organic matter content - 45- 57 %,  moisture 
content - 78-83 %, redox potential - 200mV and conductivity - 13-21 mS. Naidoo and Kift, (2006) also 
found that this species to be extremely tolerant of high sediment salinity , with seedlings being able 
to withstand salinities up to 20 ppt and mature plants 40 ppt. Similar results were obtained by 
Greenwood and MacFarlane (2008) from laboratory experiments. Conversely, field-based 
observations suggest J. acutus is able to displace J. kraussii at lower salinities, i.e. areas of the marsh 
that are elevated or receive regular fresh-water input. Consequently, interactions between 
individuals of these two species are expected to differ across a salinity gradient (Greenwood and 
MacFarlane, 2008). 
Morphological variation  
A study by Naidoo and Kift (2006) demonstrated that J. kraussii is a highly salt and flood tolerant 
species, being able to grow and survive in salinities up to 70 % seawater, under both drained and 
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flooded conditions. They found that an Increase in salinity from 0.2 % to 10 % seawater decreased 
total dry biomass by 30 % under drained conditions but had no effect under flooded conditions, 
while further increases in salinity from 10 % to 70 % seawater significantly decreased total biomass in 
both drained and flooded treatments. Generally, decreases in dry biomass with increasing salinity 
were greater under drained than flooded conditions and ranged from 41 % to 49 % at highest 
salinity. Dry mass of culms, which comprised over two-thirds of the total biomass, followed trends 
similar to those of total dry biomass. Salinity tolerance in this species appears to be achieved through 
change in resource allocation from below to above ground components at low to moderate salinities, 
exclusion and compartmentation of ions such as Na+ and Cl from sensitive metabolic sites as well as 
the synthesis of low molecular organic solutes, e.g. proline and deposition of excess inorganic ions in 
mature and senescent culms (Carter et al., 2006; Naidoo and Kift, 2006; Colmer and Flowers, 2008).  
Greenwood and MacFarlane (2008) also found that the growth declines were similar in Juncus acutus 
and J. kraussii at 10 ppt salinity.  For J. kraussii, salinity impacted equally on both root and shoot 
biomass, with reductions recorded at 10 ppt. They attributed this response to excessive cellular salt 
concentrations that impose an osmotic limitation to water uptake, thereby reducing cell expansion 
and shoot growth at elevated salinities, and that order to maintain root and rhizome survival under 
increasing salinity stress, this halophyte divert energy from aboveground to belowground 
production.  
Similar results were found in a recent field study by Vromans (2010) demonstrated that where 
sediment pH was high (7 ± 0.2) plant height was reduced as J. kraussii prefers a pH range of 5.4 - 6.6 
(Clarke and Jacoby, 1994). Although J. kraussii is very tolerant of high salinity and flooded conditions, 
biomass has been shown to decrease with increasing salinity (10 -40 ppt) under flooded conditions.  
Triglochin elongata Buchenau 
Morphological description  
Köcke et al. (2010) circumscribe this species as plants that grow up to 15–90 cm high that have 
whitish to beige rhizomes with bracts (Plate 3). The leaves are uniform, thickened at the base but not 
forming a bulb, as long as or longer than plant height, 1–2 mm wide, leaf bases covered by soft, 
whitish to brown fibres, fibres mostly 3–6 cm, rarely up to 15 cm long. They form dense 
inflorescences with 10-100 flowers. The flowers are 1.5–2.5 mm long with elongated pedicels at the 
time of the pedicels is then 2–6 mm long. Infructescences (6–) 10–25 cm long. Fruits narrowly ovoid 
to ovoid, often secund, 5–9 mm long, 1–2.5 mm wide (Fig. 2E). Mericarps connate at the carpophore; 
tips mostly curved outwards.   
65 
 
Distribution in South African estuaries  
Triglochin elongata is endemic to South Africa where is distributed mainly in coastal regions of the 
KwaZulu-Natal, Eastern, Western and Northern Cape Provinces (Köcke et al., 2010).  
 
Habitat requirements 
Triglochin elongata commonly grows in the upper tidal and supratidal zones of estuarine salt 
marshes usually on heavy clayey (partly also clayey-sandy) saline soils. In coastal habitats it is found 
on elevated banks of sandy beaches, edges of estuarine rivers as well as on rocks exposed to salt 
spray. Along some estuarine rivers it penetrates deeply inland (Bushmans River in the Eastern Cape), 
and in some regions (West Coast, Breede River, Overberg) it is found in (obviously relictual) inland 
localities, on banks of intermittent rivers (in Namaqualand) and on the edges of saline and brackish 
temporary pans, here often intermingled with dense Juncus stands (Köcke et al. 2010). 
 
Morphological variation  
Apart from the current study there are no previous studies being done on this species. Köcke et al. 
(2010) noted that this species is exceptional in terms of their geographical distribution and deserve 
further study.  
 
 
Triglochin striata Ruiz & Pav. 
Morphological description 
This is a rhizomatous perennial that ranges in height from 3-25 cm (Plate 3).  The leaves are narrow 
and linear with parallel striations. Davy and Bishops (1991) noted that for all Triglochin species the 
leaf laminae are (3- ) 15-60 cm long, subulate or linear, 1-4 mm wide, semi-terete in cross-section 
and spongy. The plant produces numerous small, round, green flowers on a central stem which can 
range in height. It flowers in a dense spike between November and December. Individual flowers 
have short stalks. The fruit is around 3 mm in diameter. The flowers have six tepals with sterile 
stamens. There are three sterile and three fertile carpels, the latter each with a single 2-integument 
ovule (Thieret, 1988). Triglochin striata is also found in southern Africa as the only non T. bulbosa 
complex species. This species can easily be distinguished from the Triglochin bulbosa complex by fruit 
characters.  T. striata is easily recognisable by roundish fruits consisting of three fertile and three 
sterile carpels (Köcke et al., 2010).  
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Distribution in South African Estuaries  
Köcke et al. (2010) describes the distribution of Triglochin striata to be the widest compared to other 
species.  The species occurs in 52 of approximately 270 estuaries (Adams et al., 2010).  
Habitat requirements  
Triglochin striata, similar to Triglochin buchenaui, is a typical species of periodically flooded lower salt 
marsh estuaries. The soils in these habitats are sandy to sandy clay. Muir (2002) recoded the 
following habitat characteristics for Triglochin sp. : substrate mostly fine  sand particles (65 %) fine to 
coarse silt particles (32 %) and fine to coarse clay particles (3 %) pH - 7.2  Organic matter content 28 - 
32 % Moisture content 45-51 %, redo potential - 310 mV and Conductivity 35-42 mS.  
Morphological variation  
 There are at the moment no literature sources on Triglochin striata with regard to its morphological 
variation.  However, Thieret (1988) did recorded great variation in plant height.  For Triglochin 
maritima, Cooper (1982) found that the species was strongly limited by both salinity and 
waterlogging. Waterlogging led to a decrease in the yields of above ground biomass whereas greater 
biomass was achieved under drained saline soils.   Davy and Bishop (1991) suggested that although 
there is considerable variation in size, morphological variation is less significant taxonomically, for T. 
maritima.  They further found that large increases in mean high water level resulted in an increase in 
cover of T. maritima within 2 years. Adaptations to saline conditions are associated with a generally 
low growth rate. Plants on the lower marsh, particularly those on a lower marsh strandline, are 
distinctly taller and more robust than typical marsh plants of the higher marsh.  
Rozema et al. (1987, cited in Davy and Bishop, 1991) recorded a diurnal rhythm in leaf thickness, 
indicating swelling at night to coincide with maximum turgor pressure. Davy and Bishop (1991) noted 
that T. maritima was the only monocotyledonous halophyte tested to show this trait. The salt 
content of leaves builds up with age and the shedding of old salt-saturated leaves appears to be an 
effective method of salt regulation, as in other rosette halophytes with the ability to renew their 
leaves continuously throughout the growth period. Furthermore, plants grown in seawater had 
xylem vessels with a smaller cross-sectional area, and therefore presumably with a greater resistance 
to water flow, than plants grown in diluted (5 %) sea water of similar nutrient status. There was a 
decrease in the cell size throughout the leaf (except for epidermal cells) at the higher salinity, thus 
decreasing the overall leaf thickness. This could be related to the ability of smaller cells to adjust 
their turgor with relatively less change in volume than larger cells. At the higher salinity, the foliar 
endodermis (mestome sheath) enclosed a smaller proportion of the vascular bundles, which may 
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have allowed greater water and ion flow into the surrounding mesophyll. Triglochin maritima fails to 
flower under conditions of high salinity; when intra- specific density is high it fails even at low salinity 
(Davy and Bishop, 1991).  
Spartina maritima (Curtis) Fernald 
Morphological description 
Spartina maritima is a perennial grass that can reach a height up to 80 cm (Plate 3).  The leaves are 
dark green, coarse rough and in-rolled.  The inflorescences are composed of two spikes pressed 
together that flowers between January and June. All Spartina spp. have a hollow stem; straight hairs 
on ligule or joint where leaf attaches to stem. Spartina species possess salt glands but salt regulation 
under conditions of high salinity may be more dependent on salt exclusion by the roots than on 
secretion by shoots. This may be due to an inability to take up water under these low osmotic 
potentials, or an impairment of the secretion mechanism itself (Smart and Barko, 1980). 
Distribution in South African Estuaries  
The species Spartina maritima occurs in a number (20 according to the Estuary Botanical Database) 
of South African estuaries where it forms extensive monospecific stands along the south east coast of 
South Africa (Adams and Bate, 1995; Adams et al., 2010). It is only found in permanently open 
estuaries where there is adequate tidal exchange in the intertidal salt marsh. 
 Habitat requirements  
In South African estuaries S. maritima can survive submergence for longer periods than other plants 
and therefore occupies the lower intertidal areas of salt marshes (Adams and Bate, 1994). The soils 
are usually fine with much organic matter that suggests that the tidal flows are gentle in this area. S. 
maritima is not found in periodically open estuaries and this can be due to the fact that it requires 
tidal flooding and saturated substrates (Adams, 1994; Adams and Bate 1995). Muir (2000) recorded 
the following habitat condition substrate majority fine - coarse marine sands ( 78 %) fine- coarse silt 
particles (16 %) and sand particles (6 %). pH - 7, organic matter content  34 to 41 % , moisture 
content  67 to 72 %, redox potential  240 mV and sediment electrical conductivity  23 to 32 mS.  
Morphological variation  
Spartina maritima can grow to 80 cm in height in the lower parts of the zone. In the upper parts of 
this zone where it overlaps with Sarcocornia   and Triglochin, it can grow up to 10 or 15 cm in length 
(O’Callaghan, 1992). Adams and Bate (1995) found that both salinity and inundation had a significant 
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effect on stem elongation but when plants were inundated however, there was no significant 
interaction between salinity and inundation. In dry conditions stem elongation was significantly 
reduced at all salinity levels whereas plants grew equally well whether submitted to tidal or 
completely submerged conditions. The species appears to prefer low salinity conditions as Adams 
and Bate (1995) found that stem elongation was greatest for the 0 and 15 ppt was reduced at 55 and 
75 ppt. Leaf elongation was faster for the dry treatment compared with the tidal and submerged 
treatment. 
 
Plate 4:  Morphology of a) Bassia diffusa in the Great Brak Estuary b) Juncus kraussii in the East Kleinemonde 
Estuary c) Sporobolus virginicus in the East Kleinemonde Estuary d) Triglochin striata in the East 
Kleinemonde Estuary e) T. elongata in the Kowie Estuary f) Spartina maritima in the Swartkops Estuary 
(Taken by D. A. Veldkornet (a) and Dr. T. Riddin (b-f)).  
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2.2.1.The taxonomic impediment   
Splitting and lumping 
Mace (2004) and Isaac et al. (2004) both state that one of the important sources of uncertainty with 
listing species is the change from using the Biological Species Concept (BSC) towards the more fine-
grained phylogenetic concept. They further explain that regardless of the species concept assumed 
there exit different taxonomic groups that might be prone to different splitter versus lumper cultures 
(Bower, 2010).  Isaac et al. (2004) makes the example of ant taxonomists that tends eradicate infra-
specific names and describe new morphological forms with restricted distributions as separate 
species (De Carvalho et al., 2007). This is in contrast to butterfly taxonomists that stick to trinomial 
nomenclature and describe many local subspecies within widely distributed species. The result of this 
is that regional or global species counts are not comparable.  
As stated before, the present taxonomic knowledge is incomplete. Many species await description 
whereas other taxa have been redescribed many times. This creates instability in the species lists. 
Those taxa that are studied less will vary more.  Taxonomic inflation also tends to be biased towards 
certain groups. Those taxa that are well known and wide ranging will be studied more and described 
more. Furthermore, depending where a species occurs and whether it is charismatic or easy to study 
largely influences whether it will be reviewed (De Carvalho et al., 2007)). Isaac et al. (2004) explained 
that this is often found where taxa that share geographical ranges are more likely to investigated. 
Geography is also important in this regard. According to Isaac et al. (2004) research funds for 
conservation are mostly towards biodiversity hotspots. Distinctive populations in these areas are 
more likely to be designated as species, thus making biodiversity hotspots even hotter (Cook et al., 
2010; De Queiroz, 2011).  
 Freshwater ecosystems and cryptic species 
The importance of taxonomic resolution of benthic macro-invertebrates is contentious in freshwater 
ecosystem health bioassessment programs (Cook et al., 2008). Isaac et al. (2004) suggested that the 
negative relationship between biodiversity and systematics will result in cryptic species probably 
never being identified. This will undermine the conservation of freshwater ecosystems as species-
level taxonomic resolution is of fundamental importance for defining representative units of 
biodiversity, as freshwater reserve systems aim to protect the full variety of species (Cook et al., 
2008).   
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2.2.2.Identification of species 
Recognising the family to which a plant belongs is the first step to identifying it completely (Cullen, 
1997). Jackson (1981) explained that relatively simple characteristics are used to distinguish between 
families. This is particularly true when distinguishing between petalous monocotyledons with families 
such as Liliaceae and Iridaceae: members of Iridaceae have three stamens, an inferior ovary and 
branched style while Liliaceae have six stamens, a superior ovary and unbranched style (Jackson, 
1981). Cullen (1997) suggested that it is theoretically possible to know all the plant families (between 
350 and 520 depending on the system being used). He also explained that this is due to the fact that 
the number of flowering plant families is very small compared to the genera or species. 
 Families are made up of genera, which in turn contain species (Cullen, 1997). Some families may 
consist of only a single genus, and possibly a single species and others may consist of hundreds of 
genera and several thousand species. Cullen (1997) also pointed out that in recent years there has 
been propensity to split large families into smaller segregate families and the definition of what 
constitutes a family is to a considerable extent a matter of opinion. When families are grouped into 
higher groups, such as orders and divisions, in a linear sequence it forms a taxonomic system which 
indicates how flowering plants have evolved (Cullen, 1997). 
Scientific nomenclature 
Central to identification of a plant is the scientific nomenclature by which a particular plant is known. 
Jackson (1981) explains that all scientific names are Latinized regardless of its origin. Scientific names 
are completely specific, recognized and understood throughout the scientific community. Moriarty 
(1982) explained that some plants have common names that may differ from region to region or 
from country to country, while other common names are applied to more than one species. The 
generic name shows close affinity with other species of the same genus (Jackson, 1981). 
Unfortunately, some of these names are misleading but needs to be retained under the accepted 
laws of nomenclature. Some of the species include Albuca canadensis L., Protea repens L., and Erica 
mauritanica L. (Jackson, 1981). Some names do change based upon careful studies of the true 
affinities of the plant, or on research into the original naming since the original specific name dating 
back to Linnaeus (Carl van Linné) in 1753 must be used from which nomenclatural procedures have 
been standardized. All species have an authority which is appended in parentheses to the genus and 
specific epithet indicating the person/s responsible for naming the plant first and correctly (Jackson, 
1981). 
Identification of a plant is only possible if there is sufficient information available regarding the plant 
in each particular case (Cullen, 1997). For the most part this information will be derived from the 
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plant specimen. According to Cullen (1997) this could be either the whole plant if the specimen is 
small enough, or it could be a part of the plant such as a twig or stem, with or without flowers or 
fruits. When such information on morphology together with other information (such as where the 
plant came from) is available keys can be used to identify a species accurately.  
Most of the characters used in keys are ones that should be seen with the naked eye or with aid of a 
hand-lens magnifying 10-15 times, or other perceptible characteristics such as scent (Cullen, 1997). 
Cullen (1997) explained that with regard to classification taxonomists may not use only these 
characteristics but rather those that require more complex equipment such as light and electron 
microscopes, embryology, palynology, paleobotany, and chemicals diagnostic of some groups as well 
as molecular and DNA analysis. 
2.2.3.Identification keys 
The simplest keys used for identification are dichotomous keys.  Cullen (1997) explained that in 
dichotomous keys a choice must be made between only to contrasting alternatives, which together 
make up a couplet. The key used by Cullen (1997) is of the bracketed type and allows for the 
identification of 258 plant families. The key attempts to provide a means of identification for all 
flowering plants native or cultivated in northern temperate regions. To facilitate reference to 
particular leads, each couplet is numbered and each lead is given a distinguishing letter (a or b). In 
order to find the family to which a specimen belongs, one starts with the key to the groups and then 
compare the specimen the leads of the couplet numbered 1. If the agrees specimen agrees with the 
description in 1a one proceeds to the next statement, in the case of the specific key it is the next 
couplet with the lead numbered 2. If the plant agrees with the statement made in 1b, then one 
proceeds to the couplet numbered 12. This process is repeated for subsequent couplets until the 
family is reached (Cullen, 1997).  
Some are keys are not dichotomous in nature. In Ecoguide: Fynbos by Paterson-Jones and Manning 
(2007) uses pictorial guide to narrow down options to indentify a species. Each drawing is associated 
with a description. The key starts off with the statement: flower parts in multiples of sixes or Aurum-
like and Flower parts in multiples of four or five. One continues selecting features shown by your 
specimen from each successive pair of characteristics offered in the guide until a group of plants 
have been reached with a combination of features. The relevant pages provide description and 
illustrations of the specimen. The guide includes more than 400 species that are most likely to attract 
the visitor’s attention in the Cape Floristic Region (Paterson-Jones and Manning, 2007).  
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In Guide to grasses of South Africa, Van Oudsthoorn (1992) divided inflorescences into four groups 
based on general appearances and morphology. The four groups were solitary, digitate, paniculate, 
and inconspicuous. Other features used were habitat and general appearance.  
2.2.4.Marine biogeography 
Estuaries can also be group according to the biogeographical region in which they occur (Harrison, 
2004).  The west coast of South Africa is classified as the cool temperate zone.  The Warm Temperate 
zone that extends approximately from Cape Point to the Mbashe River in the Eastern Cape, and the 
Subtropical Zone on the east coast. Each of these zones is unique plant and animals that show 
different responses with changes in physio-chemical characteristics. In general, estuaries along the 
west coast are colder compared to those in the warm temperate zone. These latter estuaries are 
characterised by high salinities and low turbidity as a result of low rainfall and runoff, high seawater 
input and evaporative loss.  Subtropical estuaries have lower salinities and higher turbidity due to 
relatively high runoff (Harrison, 2004; Turpie, 2004; Van Niekerk and Turpie, 2011). 
2.2.5.Species diversity of salt marshes 
Coetzee (1995) stated macrophyte species by itself are of little conservation value. This is because 
very few of them are endemic while others have a worldwide distribution. Mucina et al. (2003) noted 
that salt marshes, where a variety of macrophytes are found, are important in the overall function of 
estuaries. These areas are extremely stressed habitats that results in distinct zonation patterns. 
Characteristic of a stressed environment is a low species richness and diversity and coarse vegetation 
patterns with the domination of a few or single species. On salt marshes stresses vary from local 
scale such as the frequency and duration of flooding (Bornman, 2002), soil type, and land use to 
continental scale where climate and historical geographical distribution of species determine the 
species composition (Mucina et al., 2003). The above statements has let to researchers not focussing 
on species rich areas as well as threatened and endemic species. Most studies were zoological where 
research showed that permanently open estuaries and bays provide a nursery habitat for a much 
higher diversity of species than estuaries which close periodically (Strydom et al., 2003).  
2.2.6. The role of taxonomy  
Even if completed species lists and guides are available to identify species, this does nothing for 
conservation. The essential part of taxonomy and knowing species is that with adequate information 
the necessary plans and mechanism can be set in place to preserve that species. Faith and Baker 
(2004) stated the increase in human population numbers and the subsequent misuse of our natural 
recourses has led to a decrease in biodiversity and probably the extinction of undescribed species. 
Thus describing and recognising a species comes before preserving it. These two steps, 
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unquestionably, form the basis of the work of conservationists (Castroviejo, 2005). According to 
Mace (2004) species are a natural rank that should from the foundation for conservation and 
management. Species should therefore not be exclusive but reflect that species conservation is 
necessary for broader a policy and practice. 
2.2.7.Habitat and species databases  
The need for documentation and databases are essential with regard to conservation planning and 
management. Due to the fact that it is not always possible to save each plant species Barrows et al. 
(2005) explains that conservation has shifted from single species conservation initiatives to multiple-
species conservation plans. They also propose a hybrid approach that utilizes conceptual and spatial 
data in an iterative process to create niche models for species and species associations within natural 
communities. The principal elements of biodiversity are therefore those groups of plants and those 
areas given highest priority for action. Given (1994) explained that priority is given to known 
threatened species, extinction-prone species, species useful to humans, areas and vegetation types 
that are known or expected to have high diversity.  
Databases should serve the following five functions 1) Answering inquiries that requires regional, 
national, or global analyses and comparisons 2) Acting as clearing houses for requests, passing them 
on to more specialised databases; requests may be pre-empt to some extent by books and papers 
outlining where data may be found 3) Supply the preliminary data for conservation and supplement 
other conservation databases to avoid repetition of information 4) Filling gaps in the global coverage 
of regional, national, or specialist databases. 5) Providing a platform for systems of standards for the 
development of other databases (Given, 1994).  
In order to ensure sound management of ecosystems databases are used to gather comprehensive 
information on the coverage of environmental factors that should help protected areas managers to 
take biological, geological, and demographic and development factors into consideration in planning 
(Given, 1994). Furthermore the innovation of Geographical information systems (GIS) has made it 
possible to summaries data on many different factors such as climate, vegetation, land-ownership to 
provide information on a specific site or a certain species or other defined items in the GIS database. 
Given (1994) suggested that a GIS database of management area boundaries and protection-level 
categories is much more useful compared to a simple tabular database. GIS systems are also more 
visually informative and it can be used to statistically summaries habitats and biodiversity 
characteristics. It also permits sensitive analysis of management effectiveness and it identifies gaps in 
protected area and habitat systems (Gap analysis). 
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2.2.8. Diversity indices   
Biodiversity is generally expressed through indices based on species richness and species abundances 
(Whittaker, 1972; Schleuter et al., 2010). Van der Merwe and van Rooyen (2011) explained that 
species diversity can be separated into two components:  species richness which means the number 
of plant species in a given area, and species evenness, which indicates how well biomass or 
abundance is distributed amongst the species (Wilsey and Potvin, 2000). Numerous indices exist that 
use species richness or evenness, as well as a combination of these two components, to quantify the 
diversity within a region. In spite of various criticisms, these indices can aid in addressing problems 
associated with the conservation of natural heritage or the changes in global ecology.  This section 
briefly describes the most commonly used indices. 
Alpha diversity indices 
Whittaker (1972) stated that alpha diversity measurements are applied to samples from particular 
communities and that the most generally appropriate measure of diversity is S, the number of 
species per unit area as represented in a standard sample. The sample is most often a quadrat of 
consistent area, in some cases a water volume. Standard samples of different sizes are not simply 
comparable, though the approximately logarithmic relation of species number to sample area makes 
some comparisons possible. Species per quadrat measurements are also subject to rather large 
dispersions because of irregularities of species distribution and different success in finding and 
determining rare species. Thus the measurement hat is most appropriate,S , is by no means ideal. 
 Shannon index H (Shannon, 1948, cited in Schleuter et al., 2010): 
This index is mostly used as it has distinctive and appropriate qualities for example; it is most strongly 
affected by importance of species in the middle of the sequence rather than the first three. With 
regard to large samples the index is consequently reduced against effects of differences in 
quantitative proportions of the first few species. Effects of the rarer species are also damped, 
rendering the index relatively independent of sample size (Whittaker, 1972). The  
 
where pi is the proportion of species i, and S is the number of species so that S ∑
s
i=1 pi = 1, and b is the 
base of the logarithm, but b = 2 has theoretical justification. H’ values range from 0 (only one species 
present with no uncertainty as to what species each individual will be) to about 4.5 (high uncertainty 
as species are relatively evenly distributed). In theory, the H’ value can be much higher than 4.5, 
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although most real world estimates of H’ range from 1.5 to 3.5. In general, it is thought that more 
disturbed and less stable environments should have lower H’ values 
Simpson D 
 
where pi is the proportion of species i, and S is the number of species so that S ∑
s
i=1 pi = 1, and b is the 
base of the logarithm.  
This diversity index has been criticised as being strongly affected by the importance of the first one, 
two, or three species; it is primarily a measure of dominance as degree of concentration of 
importance values in one or a few species. As such it is most appropriate to kinds of samples for 
which degree of dominance is of concern, as with samples from terrestrial plant communities.  
Beta diversity  
Koleff et al.  (2003) defines Beta diversity as the spatial turnover or change in the identities of 
species, is a measure of the difference in species composition either between two or more local 
assemblages or between local and regional assemblages, an idea originally brought forth by Whitaker 
(1972) . Beta diversity is particularly helpful to address such issues as the changes in species 
composition along spatial or environmental gradients, between patches of similar habitats, and the 
identification of biogeographical boundaries or transition-zone patterns and their implications for 
conservation planning.  
Salt marsh examples  
Garcia et al. (1993) investigated the species composition, above-ground biomass and diversity of 
herbaceous communities of a supratidal salt marsh of the Guadalquivir delta (SW Spain). Their results 
showed higher species richness associated with moderate values of above-ground biomass (Biomass 
at maximum diversity, BMD = 302 g.m-2). Salinity was negatively correlated with species richness. 
There was no significant correlation with total above-ground biomass. Water regime and soil nutrient 
(Ca, Mg) content were significant predictors of the community above-ground biomass. This 
experimental study demonstrated that plants tolerant of stress can grow vigorously in favourable 
habitats but because of their low ability in terms of resource competition they are competitively 
displaced by non-tolerant plants. Both tolerance and competition are relevant in environmental 
gradients with complex resource richness / severity conditions. The capacity to resist adverse 
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conditions limits species richness at the 'harsh' end of the gradient, while resource competition 
mainly determines species composition at the species-richer' favourable' end of the gradient.  
Traut and Hill (2010) investigated the relationship between habitat spatial characteristics and species 
diversity in high salt marsh communities of central California. Their results showed that plant 
richness was positively correlated to area and that multiple processes influence species diversity 
patterns in response to habitat spatial characteristics.  
2.2.9.Maintenance of taxonomic diversity in estuaries  
Maintaining estuarine health also requires maintaining taxonomic diversity. Turpie (2004) explained 
maintaining all indigenous taxa on all estuaries are problematic. This problem is attributed to the 
difficulty in determining the number of species in estuaries, or other such taxa. Use any particular 
estuary, since the numbers of species vary both seasonally and from year to year. Furthermore 
species recorded on estuaries are vagrants (accidentally occurring beyond their usual range), and 
should be excluded from consideration. This is particularly true for species occurring in the supratidal 
fringe.  However, taxonomic diversity is important since diversity is strongly linked to ecosystem 
resilience, providing systems with a type of insurance in the face of major perturbations (Hoiling, 
1986). Furthermore, the rare or vulnerable species, where conservation efforts are traditionally and 
necessarily concentrated, add tremendous value to the overall biodiversity value of estuaries.  
2.2.10.Estuarine conservation priority status  
Estuarine conservation and management Ramm (1990) and Coetzee (1995) should not only include 
ecological habitats and functions in determining priority status, but the importance of estuarine plant 
communities as well as recreational importance. Coetzee et al. (1996) noted that a range of factors 
should be incorporated in determining the conservation priority of an estuary. These estuaries range 
from the size of a salt marsh where it would be effective to conserve a larger salt marsh compared to 
a smaller one to the number of different plant community types where an estuary greater variety of 
habitats would have greater priority. In order to predict changes in the environmental quality 
biological indicators can be used whenever measurable data is unavailable (Keddy, 1991 cited 
Coetzee et al., 1996).  
Ramm (1990) stated that in the attempt to present biological and physical information to estuarine 
managers and interested parties in an easily readable and understandable format it would be easier 
to summarise this information is to develop an index which gives an indication of the status of 
certain aspects of the area of community in question.  
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2.2.11.Estuarine importance rating  
Estuarine researchers and managers are in agreement that there needs to be a holistic impression of 
an estuary in order to achieve better management of estuaries (Ramm, 1990; Coetzee, 1995; Coetzee 
et al., 1996). For this reason the use of more than one index is used to indicate the information 
regarding an estuary. Physical, biological and socio-economic factors of the estuary should be into 
account when determining the importance rating. Coetzee (1995) also suggested that these indices 
should be used to determine specific management options.  
O’ Callaghan (1990) determined the conservation priority of the estuaries around False Bay. Aerial 
photographs were used to assess the vegetation changes that took place in the estuaries resulting 
from residential and industrial action. The increase or decrease in key vegetation types (wetlands, 
riverine shrub, and dune vegetation) and water surface area were used to calculate the relative 
environmental importance (I); the relative state of the environment (E) and the coefficient of change 
(A) and the conservability of the estuaries were then calculated. Where no change or an increase in 
the wetland or water area occurred was seen as a positive and an estuary where this trend was 
observed would obtain a higher conservability value rating. In contrast a decrease would mean that 
there is a negative impact on the estuary and such an estuary would receive a lower conservation 
value.  
2.2.12.Botanical Importance Rating (BIR)  
Coetzee et al. (1996) developed a botanical importance index as an effective method summarising 
the most important estuarine botanical information into a single score. Using this index it is possible 
to identify estuaries which are botanically important and require careful consideration, management 
and conservation. The BIR uses a multi-criteria system (formula) compared to a number of single 
criteria single criteria scores. The factors used in the botanical scoring of estuaries were: plant 
community area covered; plant community condition (degree of impact); plant community 
importance within the estuary; and plant community richness. Coetzee et al. (1996) explained that 
the principle behind the scoring was that the greater the area covered by a plant community, the 
fewer impacts associated with it and the greater the number of communities i.e. the greater the 
community richness in an estuary, the higher the final score. They used the following plant 
communities: Supratidal salt marsh, Intertidal salt marsh, submerged macrophyte beds and Reeds 
and sedges. The formula developed for the calculation of the final botanical score for each estuary is 
as follows:  
1 (Asupra x MF) + 1.75(Ainter x MF) + 1.5(Areed x MF) + 2(AsubmxMF) (2)  
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Where 1, 1.75, 1.5 and 2 are community importance values; MF is a Multiplication Factor expressing 
plant community condition;  
A supra= Area covered by supratidal salt marsh;  
A inter = Area covered by intertidal salt marsh;  
A reed= Area covered by the reed-sedge community;  
A subm = Area covered by submerged macrophytes. 
A revised BIR was developed by Colloty et al. (1998). This new BIR was a modified from Coetzee et al. 
(1996) to incorporate more communities. The swamp forest, mangroves, macroalgae and microalgae 
were included. They also introduced functional importance, which means that an estuary will have a 
high functional importance score if it contains a large or diverse number of habitats. Subsequently, 
Colloty et al. (1998) and Colloty (2000a) decided that an assessment of botanical importance of an 
estuary should include functional importance, species richness, plant community richness and 
habitat rarity. Finally the functional importance, as part of the final BIR index score, was calculated as 
follows: 
Functional Importance = a (Areasup) + b(Areaint) + c(Areasub) + d(Arearee) + e(Areaman) + f(Areaben) + 
g(Areaphy) + h(Areamacro) + i(Areaswamp) 
where: 
Areasup; Areaint; Areasub; Arearee; Areaman ; Areaben; Areaphy; Areamacro; and Areaswamp are the areas of 
supratidal salt marsh, intertidal salt marsh, submerged macrophytes, reeds and sedges, mangroves, 
benthic microalgae, phytoplankton, macroalgae and swamp forest respectively. a – i are the 
productivity values of each of the communities. The final botanical importance rating index would 
include the functional importance score, the species richness, plant community richness and 
habitat rarity scores. 
Jafta (2010, unpublished) calculated botanical importance score for the Bushmans Estuary. Her 
results showed that the estuary has become 32.3 % more important than it was in the earlier 
years (i.e. 1966). In 1996 BIR was 100.0 compared to 2004 when it was 132.3.  
2.2.13. The role of taxonomy in conservation  
In order to the demonstrate importance of Taxonomy in conservation the following sections 
summarise the importance of taxonomy in successful conservation implementation as proposed by 
the CBD articles. The Convention on Biological Diversity (CBD), which was ratified by South Africa on 
2 November 2005, acknowledges that many countries do not have adequate taxonomic resources or 
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the environmental information to manage and conserve their biological diversity. This impediment 
gave rise to the Global Taxonomy Initiative. The taxonomic community recognises the need for 
capacity building and infrastructure renewal to keep up with the demand for species information 
(Steenkamp and Smith, 2002).  
The CBD acknowledges the fact that regardless of stage in conservation implementation, taxonomic 
information is required. With regard to the development of national biodiversity strategies and 
action plans as explained in Article 6, taxonomy must provide vital and up-to-date national 
information regarding species. Taxonomy is also required to identify and monitor components of 
plant diversity that will guarantee its conservation and sustainable use. Information regarding the 
components of ecosystems and protected areas should be obtained from taxonomists. This 
information should aid in the identification of appropriate in situ conservation areas (Article8). With 
regard to ex situ conservation (Article9) taxonomy is required for identification and curation of 
collections and for assisting targeting of acquisition for ex situ conservation. Article 10 focuses on 
sustainable use where taxonomy is needed to identify plant resources in order to develop protocols 
for sustainable use and to develop ways to mitigate adverse impacts on biodiversity.  
Due to the fact that taxonomy is of crucial importance in identification and the above programs 
mentioned, taxonomic expertise is always required and necessary to promote and encourage 
research (Article 12). Article 15 and 19 focuses on genetic resources and benefit sharing. National 
inventories are required to facilitate access to and use of genetic resources, to ensure fair and 
equitable sharing of benefits. This whole process relies on the accurate identification of genetic 
resources. With regard to implementation the CBD encourages technology transfer, scientific, and 
technical cooperation (Articles 16, 17 and 18). For this taxonomic expertise, data and capacity is 
required at national, regional and global levels. The Global Taxonomy initiative formally recognises 
the taxonomic impediment and suggests objectives and a program of action. The GTI provides 
information about species to governments and policy makers. It should remind these groups that 
accurate taxonomy is need for decision making and they should promote and facilitate taxonomic 
research. In an international arena where developing national access legislation could potentially 
restrict taxonomic research for conservation the GTI is useful support (Paton et al., 2005).  
Taxonomy is required to understand and document plant diversity on a global checklist of all known 
plant species and conservation assessments. With regard to invasive species that threaten 
ecosystems, habitats or species identification and monitoring of invasive species is needed. 
Taxonomy is also required to identify resources and monitor links between Western and traditional 
classification systems. There is thus a need to involve local people in taxonomic identification.  Local 
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people are the once that know the species that are endangered, exploited and exotic. They should 
also be aware of invasive species in order to protect their own regional biodiversity (Steenkamp and 
Smith, 2002).Taxonomic expertise are also required in the conservation and monitoring of forests, 
inland waters, dry and semi humid lands, islands, agricultural lands, marine and coastal areas and 
mountains, particularly to establish baselines and monitoring programs. Even with the ecosystem 
approach to conservation ecosystem assessments requires taxonomic information for reporting on 
patterns of ecosystem diversity.  
2.2.14.Threats to the estuarine salt marsh species  
Turpie (2004) identified eight ultimate threats to biodiversity. These threats to biodiversity can be 
linked to growing populations placing ever increasing demands on natural resources and operating in 
an environment of inadequate planning, enforcement and compliance.  It was also noted that even 
within protected areas protection of biodiversity is inadequate. 
1. Overexploitation is as a result of recreational demand facilitated by ease of gaining access, 
inadequate enforcement, inappropriate regulation systems and planning and to some extent, 
because of poverty. Van Niekerk and Turpie (2011) stated that overexploitation of living 
resources, predominantly fish and invertebrates in South African estuaries, influences 
changes in population size, biomass, sex-ratios, size/age distributions, community 
composition and trophic structure. In extreme cases, overexploitation can lead to 
recruitment failure. All the large systems in South Africa are heavily overexploited, especially 
in terms of their linefish. Fishing effort in the Olifants, Berg, Bot and Kosi systems is 
extremely high and requires urgent management interventions to reduce the pressure on 
key nursery areas and collapsed stocks of estuary-associated fish. These systems could also 
harbour unique undescribed species that could become extinct and never be known of. 
Furthermore, extreme overexploitation of plant species, such as Juncus kraussii, can lead to 
habitat loss and local extinction of taxa from salt marshes.       
2. Recreational disturbance reflecting planning that is not sufficiently environmentally sensitive 
and does not adequately incorporate the socio-economic value of environmental resources. 
Recreational and subsistence anglers are a focal activity in most estuaries around the South 
African coast.  Utilization of these living resources and the impact on other organisms and 
associated habitats may be persistent or more seasonal in nature.  In some estuaries, the 
impact of bait collection is considered very severe on intertidal salt marshes, reducing 
biodiversity (Van Niekerk and Turpie, 2011).    
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3.  Inappropriate land-use and development in and around an estuary, i.e. in the estuarine 
functional zone, can lead to habitat degradation, or loss, within an estuary. Activities and 
development such as low-lying developments; land reclamation; mining; infrastructure 
development such as roads, bridges and jetties; or the remodelling of part of an estuary for 
harbour or marina construction. Harbours and marinas usually involve major alteration of 
estuarine habitats and tidal flows.  Land-use changes within the catchment and surrounding 
floodplain areas of the estuary are also of importance as it can alter the sediment load to the 
coast. Ultimately change in the structural habitat of an estuary can result in local extinctions, 
change in population size or biomass, change in community composition and structure, 
change in the ratios of generalist to specialist biota, and change in life-history strategies.  It 
can also reduce the carrying capacity of an estuary for species higher up the food chain.  
Habitat degradation can also render an estuary more prone to alien invasions. 
4. Alien invasive species introduced during mariculture and in water transfers, including ballast 
water, competing with indigenous species. Invasive alien species pose a significant threat to 
estuaries where they cause both ecological and economic damage. Alien species can exert a 
significant impact upon community structure and functions, by modifying spatial and food 
chain resources, and with direct or indirect effects on the occurrence of indigenous species.  
5. Pollution, mainly deriving from urban and industrial developments and reflecting 
inappropriate planning. 
6.  Biochemical characteristics and estuary mouth dynamics change as the quality, quantity and 
timing of water reaching the estuary changes with increasing use upstream. In part this is 
consequent upon market failure because water pricing does not reflect the true value of the 
resource. 
7. Sedimentation / siltation rates are perceived to increase as more material eroded from land 
surfaces is deposited in the estuary and as flow is unable to scour terrestrial and marine 
sediments out to sea. 
 
82 
 
3. Materials and Methods 
3.1.Study site description 
The study estuaries (Ngqusi, East Kleinemonde, Kowie, Swartkops, Knysna and Great Brak) all fall 
with the Warm temperate zone (Harrison, 2004) (Figure 3.1). The study area stretches from Ngqusi 
(Nxaxo/ Ngqusi) in the Transkei in the Eastern Cape to the Great Brak Estuary in the Western Cape.   
The estuaries in the Eastern Cape region, from Port Edward to the Great Kei River such as the Ngqusi 
Estuary are influenced by temperate to warm and humid climate and receive mostly summer rainfall. 
Here rainfall reaches a maximum in March, and varies from about 800 to 1250 mm per annum 
(Heydorn and Tinley, 1980; Day, 1981). Average daily air temperatures in this region range from 17-
28 °C in January to 8-21 °C in July (Schulze, 1984; Harrison, 2004).  
From East London to Cape Agulhas including the East Kleinemonde, Kowie and Swartkops estuaries 
rainfall decreases to approximately 500 mm per year and occurs almost equally in all seasons 
although slightly higher rainfall occurs during autumn (March) and spring (October/November) 
(Heydorn and Tinley, 1980; Schulze, 1984).  
The southwest Cape (Knysna and Great Brak Estuary) has a Mediterranean climate with cool, wet 
winters and hot, dry summers (Schulze, 1984; Tinley, 1985). Most rain falls from May to September 
and is usually between 400 and 700 mm per year (Heydorn and Tinley, 1980; Day, 1981). The average 
ambient temperatures in this region range from 15-28 °C in summer to 6-17 °C in winter (Schulze, 
1984). Estuaries further north along the coast north of Cape Columbine have an arid climate and 
receive less than 300 mm rainfall per year (Heydorn and Tinley, 1980; Day, 1981). When rain does 
fall, it occurs mostly in winter (Tinley, 1985). The average daily temperatures in the region range 
between 17-35 °C in January to 3-18 °C in July (Schulze, 1984).   
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Figure 3.1.: Study sites where macrophyte species were sampled.  
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3.1.1.Great Brak Estuary 
 The Great Brak Estuary is a permanently open estuary located at 34o 03’ 23” S; 22o 14’ 25”E in the 
south Western Cape, South Africa. The length is approximately 7 km long with a causeway located at 
the head of the estuary. The completion of the Wolwedans Dam in 1990s resulted in a significant 
reduction of freshwater inflow, resulting in an increase in duration of mouth closure.  In the Great 
Brak Estuary, salinity distribution under the closed state is generally homogenous although some 
vertical stratification remained in the upper sections, the extent depending on the amount of 
freshwater still entering the system.  At the time of sampling salinity was relatively homogenous 
throughout the estuary, ranging from 30 ppt near the mouth to 25 ppt in bottom waters near the 
head, but freshwater inflow still resulted in marked vertical stratification in the upper estuary (CSIR, 
1992).   
In May 1992 large volumes of seawater were introduced over the sandbar into the Great Brak 
Estuary owing to high wave conditions while the mouth was closed (Taljaard and Slinger 1993). The 
seawater that had overtopped the berm initially (salinity >35 ppt, temperature <17oC) intruded as a 
density current along the bottom of the estuary, filling the deeper holes. This intruding water was 
diluted as mixing occurred and water of salinity 30 ppt reached as far as 5.5 km from the mouth. The 
density-driven (baroclinic) circulation pattern that was set up resulted in a system uniformly 
vertically stratified (salinity) (Taljaard and Slinger 1993). Salinity ranged from 20 ppt at the surface to 
>30 ppt in the deeper areas. Salinity of about 10 ppt in the surface water of the upper reaches 
indicated a limited fresh water influence. It was concluded that over wash of large volumes of 
seawater could be a very effective mechanism through which bottom waters in the estuary is 
renewed during the closed phase (Taljaard and Slinger, 1993).  
In 2002 Adams and Ngesi did an assessment of the salt marsh in the Great Brak Estuary and found 
that salt marsh plants occur in distinct zones along the intertidal gradient (Adams and Ngesi, 2002). 
This zonation can be altered by changes in elevation and duration of inundation. These zones are 
clearly recognized by colour and different plant types. The plants in each zone reach their maximum 
abundance at different elevations. In areas above the normal spring tide a supratidal area occurs that 
is only inundated with water on an occasional basis. Here the grasses Stenotaphrum secundatum (H. 
Walter) Kuntze (Buffelsgras) and Cynodon dactylon (L.) Pers. (Kweek) co-occurs with Sporobolus 
virginicus (O’Callaghan, 1987). Sarcocornia   pillansii is also found in this zone together with 
Disphyma crassifolium and Plantago crassifolia and this area is described as supratidal salt marsh. 
Between 1.25 and 1.5 m above Mean Sea Level (MSL) the vegetation consists of a mixed zone of 
Sarcocornia   decumbens, Limonium scabrum and Bassia diffusa and is characteristic of the upper 
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intertidal salt marsh. Between 0.75 and 1.25 m MSL (i.e. between the MHWS and the mean high 
water neap (MHWN)), Sarcocornia tegetaria and Triglochin bulbosa are most abundant. The seagrass 
Zostera capensis occurs in the Great Brak estuary but Spartina maritima is absent as this species only 
occurs in permanently open estuaries (Adams and Ngesi, 2002). The Great Brak Estuary has species 
richness of 21 with most of the differential species being Reeds and Sedges. The Invasive intertidal 
species Spartina alterniflora Loiseleur also occurs in this estuary (Adams et al., 2010). Filamentous 
green algae are common in the system. They have wide salinity tolerance ranges and are often 
indicative of non-turbulent water (closed mouth conditions) and nutrient enrichment.  Large mats of 
species of the genera Cladophora and Enteromorpha have been observed and blooms of filamentous 
algae, e.g. Chaetomorpha sp. often occur after flood events.   
In the Great Brak Estuary the following species were selected for study:  Bassia diffusa, Juncus 
kraussii, Sarcocornia   decumbens, Sarcocornia   tegetaria, Sporobolus virginicus, and Triglochin 
striata (Table 3.1.1) (Sampling date: 20.04.10).   The species B. diffusa, S. decumbens and S. virginicus 
occurred in the supratidal marsh in the lower reaches of the estuary where as S. tegetaria and T. 
Striata were found in the intertidal salt marsh.  From the reeds and sedge community J. krausii was 
collected. All these species occurred along permanent monitoring transects set up by Adams and 
Ngesi (2002).       
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Table 3.1.1: Life stage, location and habitat characters of species collected in the Great Brak Estuary. 
 
 Bassia diffusa Juncus kraussii Sarcocornia   
decumbens 
Sarcocornia   
tegetaria 
Sporobolus virginicus Triglochin striata 
Life stage Vegetative growth Flowering Flowering Vegetative growth Vegetative growth Flowering 
Geographic location -34°3.083'S;  22° 14.113'E -34° .241'S; 22°13.862'E -34°3.085'S;22° 4.118'E -34°.080'S;22° 4.092'E -34°3.071'S;22° 14.098'E 34°3.071'S;22°14.098'E 
Elevation (m) 1 1 0.75 
 
0.5 0.5 0.5 
Estuarine 
habitat 
Supratidal salt marsh Reeds and sedges Supratidal salt marsh Intertidal salt marsh Supratidal and intertidal salt 
marsh 
Intertidal salt marsh 
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3.1.2.Knysna Estuary  
The Knysna estuary is an estuarine bay on the southern coast of South Africa (Whitfield, 1994) at 34° 
4'44.26"S; 23° 3'34.20"E. It is a unique estuarine bay, ranked as the most important estuary in South 
Africa in terms of conservation importance. It is a drowned river valley estuary with a meandering S-
shape lying in a south-east to north-west orientation. 
The Knysna Estuary can be divided into three different regions, namely the upper estuary, middle 
estuary (also referred to as the “lagoon” or “inner basin”) and lower estuary (also referred to as the 
“embayment” or “lower basin”). The boundaries of the three regions along the estuary have been 
roughly described as follows (DWA, 2009; Largier et al., 2000): Lower estuary: from the mouth to the 
Railway Bridge; Middle estuary: from the Railway ridge to the N2 Bridge; and Upper estuary: from 
the N2 Bridge to Charlesford Weir 
The lower estuary is characterised by strong oceanic influence which results in near-oceanic salinity 
(greater than 34 ppt). During flood tides this regime is characteristic of the lower estuary. At low tide 
most of the oceanic water moves out of the estuary to be replaced by new oceanic water during the 
subsequent flood tide. The characteristics of this regime are therefore set more by offshore 
processes than those in the estuary. The middle estuary is characterised by aged salty water with 
little direct influence from river inflow.  Salinity typically ranges between 30 and 34 ppt. Longitudinal 
salinity gradients are normally present, but because of limited river inflow, shallow depths and strong 
tidal flow, these waters are vertically well mixed. The seaward boundary of this regime during high 
tide is usually the Railway Bridge, but can extend to the mouth during low tides. The landward 
boundary varies with tidal phase and river inflow rates. During high tides and low river inflow it can 
extend as far upstream as the Red Bridge in the upper estuary, but may not extend much further 
than the Railway Bridge during low tides with high river inflow. The upper estuary is characterised by 
lower salinity (less than 30 ppt) and often exhibits stratification. The estuary regime is generally 
confined to the upper estuary, but can extend towards the Railway Bridge at low tides during 
moderate river inflow and beyond the mouth during floods (DWA, 2009).  
The catchment receives approximately 700 mm p.a. rainfall at the coast to over 1 150 mm p.a. in the 
upper catchment (DWA, 2009). This resulted in high runoff in the drainage basin. The runoff is 
variously from 70 x 106 m3 p.a. to 133 x 106 m3 p.a. Evaporation is maximal in summer (160 mm per 
month) and minimal in winter (50 mm per month). The mean annual evaporation is estimated to be 
approximately 1 150 mm p.a. The freshwater inflow at Charlesford Weir (the upstream extremity of 
tidal and saline influence) is relatively low, averaging 3 m3s-1 but typically 1 m3s-1, for most of the year 
(Largier et al., 2000).  Freshettes of 5 -20 m3s-1 s are common in summer, as is the occasional flood. 
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Extreme flood events may result in freshwater inflows exceeding 300 m3s-1 for short durations. The 
source of sediments in the estuary is predominantly marine within 2 km of the Knysna Heads, mixed 
aeolian/fluvial in the vicinity of the Ashmead Channel and aeolian in the middle reaches of the 
estuary upstream from western extremity of Thesen’s Island to approximately The Point. Upstream 
of this, the sediments are predominantly fluvial. In general, muds are confined to the intertidal flats 
while organic content in the sediment shows a general increase upon moving upstream. 
Knysna Estuary has the second largest salt marsh area in South Africa, and conservation of this 
ecosystem is essential. Like the Great Brak Estuary salt marsh plants occur in distinct zones along an 
elevation gradient. This zonation can be altered by changes in elevation and duration of inundation. 
Salt marsh occurs from Leisure Isle (1 km from the mouth) to Westford Bridge (12.5 km from the 
mouth) (DWA, 2009).  
Maree (2000) estimated that the wetlands cover an area of 1000 ha with the middle and lower 
reaches of the estuary being dominated by succulents and herbaceous salt marsh species while tall 
reeds and rushes dominate the upper reaches. She indentified identified 27 salt marsh and estuarine 
species. The succulent Chenopodiaceae was the most dominant family and was represented by eight 
(30 %) of the 27 species.  The 2010 Botanical database includes 32 species excluding macroalgae. This 
number is likely to increase due to recent taxonomic revisions. Adams et al.  (2010) also found that 
the Knysna Estuary might contain some unique Limonium, Plantago, Salicornia and Spergularia 
species.  
Macroalgae is also an important biotic component of the estuary. In quiet backwater areas where 
there are point source inputs of nutrients algal biomass could be high. Macroalgal biomass and 
species composition can be used as excellent indicators of point source inputs of (DWA, 2009) 
Maree (2000) divided the salt marsh of the Knysna Estuary into the following community types: 
Zostera community, Spartina /Triglochin /Limonium /Sarcocornia community, Chenolea /Plantago 
community, Juncus /Samolus community, Sarcocornia pillansii community, Spartina community, 
Phragmites community and the terrestrial vegetation. The Juncus /Samolus community occurred in 
the upper portion of the estuary along with some Spartina. Spartina/ Triglochin /Limonium 
/Sarcocornia community occurred in the middle and lower portions of the estuary along with 
Chenolea /Plantago community. Zostera capensis was found throughout the estuary (Maree, 2000). 
Probably the largest J. kraussii marshes in South Africa are found in the Knysna Estuary. The 
construction of the N2 road bridge and its embankments across the river at Ashford defines the 
lower limits of estuarine marsh in which the rush J. kraussii is most abundant. Juncus kraussii is 
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generally associated with lower salinity (<20 ppt) and can develop into large marshlands with 
associated species such as Samolus porosus. The species also occur at lower levels in wet and saline 
soils and show a preference for flooding. Maree (2000) states that freshwater flow from the Knysna 
River is important in maintaining the brackish nature of the flooding waters associated with the rush-
dominated marshes. This keeps soil salinity at a favourable level for J. kraussii to be most abundant. 
Tidal exchange and high salinity do occur in this area, but freshwater seepage from the adjacent 
steep slopes and banks are probably also important in maintaining a brackish habitat 
Muir (2000) investigated the habitat requirements of supratidal salt marsh compared to that of 
intertidal salt marsh and analysed the distribution of salt marsh plants around Thesen Island prior to 
the development of the marina. Supratidal salt marsh is that which occurs above high-water spring 
tide level (HWST = MSL + 100 cm). Her studies showed that substrate characteristics were different in 
summer compared to the other seasons and that sediment redox potential was important in 
influencing species distribution. Supratidal marsh had higher species richness than intertidal marsh 
and was characterised by lower water content and a high percentage of clay and silt. There were no 
differences in salinity and conductivity between the intertidal and supratidal zone. Supratidal 
marshes act as organic carbon sinks where detrital matter is deposited during HWST.   
The Knysna Estuary has been severely impacted by residential developments in the past.  The littoral 
zone of the Knysna Estuary has been largely transformed because of urban development. Prior to the 
1980s, development was restricted mainly to the northern shore of the outer basin. Following the 
1980s, development expanded to the eastern and western littoral of the middle basin and the 
eastern shoreline of the inner basin which has led to the loss of large areas (60%) of salt marsh 
(Maree, 2000). This was estimated from a comparison between 1936 and 1990 aerial photographs. 
The loss of the supratidal (high) marsh has led to a change in community composition and some 
areas have been invaded by aliens.  In the current study selected species in the Knysna Estuary were 
sampled along the length of the estuary i.e. the lower, middle and upper reaches. (Sampling date: 
24.07.10)  (Table 3.1.2).      
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Table 3.1.2: Life stage, location and habitat characters of species collected in the Knysna Estuary. 
 
 Bassia diffusa Juncus kraussii Sarcocornia   
decumbens 
Sarcocornia   
tegetaria 
Sarcocornia   pillansii Spartina 
maritima 
Sporobolus 
virginicus 
Triglochin striata 
Life stage Vegetative growth Flowering Flowering Vegetative growth Flowering  Vegetative 
growth 
Vegetative growth Flowering 
Geographic 
location        
 Lower reaches 
Middle reaches 
 
Upper reaches 
 
-34.04429°;  
23.06240° 
-34.040168°;  
23.016258° 
-34.013422°;  
22.999059° 
                                   
-34.050265°;  
23.048618° 
-34.040834°   
23.016369° 
-34.022382°;  
22.989108° 
                                                                                                  
-34.044329°;  
23.062832° 
 
-34.051048°;  
23.047876° 
-34.040834°;   
23.016369° 
-34.040834°;  
23.016369° 
 
-34.050265°;  
23.048618° 
-34.045463°;  
23.029408° 
-34.040834°;  
23.016369° 
 
-34.045244°;  
23.064786° 
 -34.045463°;  
23.029408° 
-34.026126°; 
22.989446° 
 
34.050265°;  
23.048618° 
 
-34.063728°;  
23.067175° 
-34.040740°;  
23.016162° 
-34.026126°; 
22.989446° 
Altitude (m) 
Lower reaches 
Middle reaches 
Upper reaches 
   
 2 
3 
2  
  
  
 
  
3  
3 
1 
 
         
2 
 
2 
2 
2 
 
3 
3 
3 
 
0 
2 
2 
 
3 
 
 
2 
1 
2 
Estuarine 
habitat 
Supratidal  
salt marsh 
Reeds and sedges Supratidal  
salt marsh 
Intertidal  
salt marsh 
Supratidal 
 salt marsh 
Intertidal 
 salt marsh 
Supratidal 
 salt marsh 
Intertidal 
 salt marsh 
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3.1.3.Swartkops Estuary 
The Swartkops River Estuary is a permanently open estuary situated about 15 km north of Port 
Elizabeth, South Africa, at 33°52'S, 25°38'E (Baird, 2001b; Potgieter, 2008). The length of the estuary 
is approximately 16.4 km long with a permanently open connection into Algoa Bay in the Indian 
Ocean (Scharler and Baird, 2003). The Swartkops River is about 155 km in length and has one main 
tributary, the Elands River. The total area of the Swartkops Estuary is about 118.63 ha (Colloty et al., 
2000b). The temperature in the estuary fluctuates between 13.5°C in winter to 28°C in summer, 
while the salinity range is from 35 ppt at the mouth to 10 ppt at the head of the estuary (Baird, 
2001b). Typical values of the salinity difference between the head and the mouth are about 15 -20 
ppt (Scharler and Baird, 2005a).  
The mean annual runoff is about 84.2x106m3 (Scharler and Baird, 2003). Mean annual precipitation is 
approximately 636 mm, with a range of 500- 1000 mm (Baird, 2001b). The only major dam in the 
system is the Groendal Dam, which retains about 14% of the MAR (Scharler and Baird, 2003). Runoff 
is retained in impoundments in the system is about 17% of the MAR. Mean flow rate of the 
Swartkops River into the estuary has been measured at between 0.82 m3s-1 (Scharler and Baird 
2005b) and 1.52 m3s-1 (SD = 2.14) (Scharler and Baird 2003).The Swartkops Estuary salt marsh is the 
third largest along the South African coastline (Baird et al., 1986). Colloty et al. (2000b) mapped the 
extent of the salt marsh and found that there are six   different plant community types, namely 
supra- and intertidal salt marsh, submerged macrophytes, reeds, sedges, phytoplankton and 
macroalgae.   
The most abundant submerged macrophyte is the seagrass Zostera capensis which occurs along the 
entire length of the estuary. Recent human activities such as bait digging, as well as variations in 
freshwater throughput have impacted on the extent of both the marshes and the Zostera beds. 
Patches of Stuckenia pectinata are also found in the upper reaches of the estuary (Adams et al., 
2010). Colloty et al. (2000a) estimated that the intertidal salt marsh covered an area of 215 ha. 
Perhaps the most abundant and conspicuous of all macrophytes is Spartina maritima, covering 82 ha 
of the intertidal salt marsh. Other intertidal species are Triglochin spp., Sarcocornia tegetaria and 
Limonium sp. (Adams et al., 2010). The 2010 Botanical database includes 34 species excluding 
macroalgae. This number is likely to increase due to recent taxonomic revisions. In the current study 
selected species in the Swartkops Estuary were sampled (22.06.10) along the length of the estuary 
i.e. the lower, middle and upper reaches (Table 3.1.3).      
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Table 3.1.3: Life stage, location and habitat characters of species collected in the Swartkops Estuary.  
 
 Bassia diffusa Sarcocornia   
decumbens 
Sarcocornia   
tegetaria 
Sarcocornia   
pillansii 
Spartina 
maritima 
Sporobolus 
virginicus 
Triglochin striata 
Life stage Vegetative 
growth 
Flowering Vegetative 
growth 
Flowering   Vegetative 
growth 
Flowering 
Geographic location 
Lower reaches  
                                
Middle reaches 
 
Upper reaches 
 
-33° 51.939'S;  
25° 37.264'E     -
33° 51.319'S; 
25° 36.394'E     -
33° 51.130'S;  
25° 35.524'E 
 
-33° 52.059'S;    
25° 37.245'E 
 
-33° 52.060'S;   
25° 37.194'E        
-33° 51.303'S;   
25° 36.392'E          
-33° 51.131'S;   
25° 35.563'E 
 
-33° 52.154'S;   
25° 37.311'E          
-33° 51.348'S;   
25° 36.374'E          
-33° 51.130'S;   
25° 35.524'E 
 
-33° 52.189'S;    
25° 37.314'E          
-33° 51.290'S;   
25° 36.400'E          
-33° 51.131'S;    
25° 35.563'E 
 
-33° 52.154'S;   
25° 37.311'E 
 
-33° 52.182'S;  25° 
37.315'E        -33° 
51.340'S;    25° 
36.266'E        -33° 
51.134'S;  25° 
35.526'E 
Altitude (m) 
Lower reaches                  
Middle reaches 
Upper reaches 
 
3 
3 
1 
 
3 
 
2 
3 
1 
 
3 
4 
1 
 
2.5 
3 
1 
 
8 
 
2.5 
3 
1 
Estuarine 
habitat 
Supratidal salt 
marsh 
Intertidal salt 
marsh 
Intertidal salt 
marsh 
Supratidal salt marsh Intertidal salt marsh Supratidal and 
intertidal salt marsh 
Intertidal salt 
marsh 
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3.1.4.Kowie Estuary  
The Kowie Estuary is a permanently open estuary (POE) located at 33° 35.727'S; 26° 53.165'E (Turpie 
et al., 2002; Vromans, 2010). The Kowie River is 70 km long with a catchment area of 769 km² 
(Heydorn and Grindley, 1982). Average annual rainfall is 638 mm (Day, 1981). The estuary is tidal for 
21 km and has a surface area of approximately 120 ha with mean annual run off of the river 
estimated at 17 x 106 m³ to 50 x 106 m³ (Forbes, 1998; Heydorn and Grindley, 1982). It is subject to 
large variations in flow patterns (Day, 1981) which are considered erratic due to the frequent 
droughts and floods in the catchment (Cowley et al., 2003). Short periods of violent flooding have 
been known to occur in the past (Heydorn and Grindley, 1982).  
The upper reaches of the estuary are vegetated to the water‘s edge and meander extensively 
through steep banks. The estuary has a narrow channel and intertidal zone, less than 10 m wide, and 
average water depths range from 2-6 m. The middle reaches are sandy with intertidal mudflats of 
100 m or more. It broadens out to 100-150 m wide and has an average water depth of 3 m. The 
lower reaches have an 80 m wide artificial channel, with a marina linked to the estuary. The mouth of 
the estuary is extended by two 75 m piers (Heydorn and Grindley, 1982; Forbes, 1998). The upper 
estuary has fine sand to silt sediments, in contrast to the middle reaches which have a greater 
proportion of fine sand and mud on the intertidal banks and sandy sediments in the main channel.  
River flow is strongly influenced by the tide and bottom sediments are subject to strong tidal flows. 
In South Africa, spring tide has a tidal height of more than 1 m amsl and during neap tide this is only 
0.25 m amsl (Schumann et al., 1999), while high tide levels in large open estuaries, such as the Kowie 
Estuary, are similar to the adjacent coastline (Whitfield and Bate, 2007). In the Kowie Estuary, the 
tidal range is 1.62 m amsl and the spring tidal ranges are 1.7 in the lower reaches, 1.5 in the middle 
reaches and 1.1 in the upper reaches (Heydorn and Grindley, 1982).  
The river usually carries low silt loads (mean secchi disc transparency 71–103 mm) due to the 
sediment type and well established vegetation in the majority of the catchment (Heydorn and 
Grindley, 1982; Cowley et al., 2003). Currents in the vicinity of the mouth are driven mainly by waves, 
while the natural littoral sediment drift has been modified by the construction of piers either side of 
the mouth. Due to the presence of the piers, a build up of sediment on the north-west side of the 
west pier and a depletion of sediment on the north-east side of the east pier has resulted (Heydorn 
and Grindley, 1982).  
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Average monthly water temperatures range from 20 - 28 °C in summer and 11-16 °C in winter. 
Salinity is generally above 30 ppt but during dry years it has increased to 40 ppt, while water entering 
the river is brackish (Day, 1981; Heydorn and Grindley, 1982). Bok (1983) found water temperatures 
to differ in the upper reaches and mouth region ranging from 11 – 27°C and 14 - 22°C. Surface waters 
are almost fresh during flood periods which can last up to two to four weeks, but the estuary mouth 
remains 30 – 35 ppt (Day, 1981; Whitfield et al., 1994). Turbidity is usually high due to the sediments 
of the Bokkeveld rocks which are red and clayey (Day, 1981; Heydorn and Grindley, 1982). In 
previous studies, the average salinity in the Kowie Estuary was 30.4 ppt, while the dissolved oxygen 
and turbidity measured 7 mg l-1 and 6.9 NTU respectively (Harrison, 2003).  
Land usage in the catchment of the Kowie River is predominantly intensive agriculture, although 
indigenous thicket vegetation grows adjacent to the estuary banks along the upper and middle 
reaches (Heydorn and Grindley, 1982). The marina development situated on the east bank, 
approximately 100 m from the mouth destroyed the Blue Lagoon, which was a clean body of water 
with depths of approximately 2 m and extensive salt marshes (Heydorn and Grindley, 1982). 
Considerable ecological degradation has occurred in the estuary, particularly due to eelgrass beds 
and reed habitat destruction in the lower reaches, as well as in its catchment (Coetzee et al., 1995).  
The dominant macrophyte species, which grow particularly in the middle reaches of the estuary, 
include Phragmites australis, Bolboschoenus maritimus, Juncus acutus, Disphyma crassifolia, 
Chenolea diffusa, Sarcocornia tegetaria, Sarcocornia pillansii and Sporobolus virginicus. Spartina 
maritima grows along the intertidal zone and is probably the most dominant macrophyte. Patches of 
Sarcocornia decumbens and Salicornia meyeriana also occur intermittently along the length of the 
estuary. Plantago carnosa and Cynodon dactylon are also abundant along the estuary banks 
(Heydorn and Grindley, 1982). Zostera capensis and Halophila ovalis occur submerged along the 
estuary banks at the lower intertidal zone and in shallow waters (Cowley and Daniel, 2001). Ruppia 
cirrhosa and R. maritima have been found in the lagoons adjacent to the estuary in the past (Day, 
1981; Heydorn and Grindley, 1982; Cowley and Daniel, 2001). According to Day (1981), the 
canalization of the lower estuary probably reduced the presence of Z. capensis and salt marsh 
vegetation. A Botanical survey, in order to update the Estuarine Botanical database, recorded 29 
macrophyte species in the estuary. Not all species occurred through the entire length of the estuary 
and were then collected where possible (Sampling date: 14.05.2010) (Table 3.1.4).  
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Table 3.1.4: Life stage, location and habitat characters of species collected in the Kowie Estuary. 
 
 Bassia diffusa   Sarcocornia pillansii Sarcocornia   
tegetaria 
Sporobolus virginicus Triglochin elongata Triglochin striata  
Life stage Vegetative growth Flowering  Vegetative growth Vegetative growth Flowering Flowering 
Geographic 
location 
 
 
-33° 34.039'S;   
 26° 51.239'E 
-33° 34.188'S;        
26° 51.503'E 
-33° 34.038'S;        
26° 51.244'E 
-33°35'44.75"S;  
26°53'13.80"E 
33°35'44.75"S;  
26°53'13.80"E 
-33° 35.727'S;               
26° 53.165'E 
Estuarine  
habitat 
Supratidal salt marsh Supratidal salt marsh Intertidal salt marsh Supratidal salt marsh Intertidal salt marsh Intertidal salt marsh 
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3.1.5.East Kleinemonde Estuary  
The East Kleinemonde Estuary also falls within the warm-temperate region of South Africa and is 
situated about 15 km north east of Port Alfred in  the Eastern Cape at 33 °32'S and 27°03’E.The East 
Kleinemonde Estuary is one of 175 temporarily open/closed estuaries (TOCE) in South Africa. It is 
classified as a medium sized TOCE that is ranked number 54 out of 250 in terms of its conservation 
importance for estuaries in South Africa (Turpie et al., 2002). The estuary is navigable for 3 km and is 
approximately 100 m wide in the lower and middle reaches and 25 m wide in the upper reaches. The 
main channel has an average depth of 2.5 m, but the majority of the estuary has a littoral zone of less 
than 1 m deep and a large shallow mudflat occurs upstream of the bridge. The surface area of the 
estuary is 35.7 ha and its catchment is approximately 43.5 km² (Riddin and Adams, 2009).  An 
important feature of the estuary is that the mouth remains closed for most of the year and opens 
only once a year (Whitfield et al., 2008) or 2.6 times per year (Van Niekerk et al., 2008) for no more 
than a week at a time. These prolonged periods of mouth closure results in the water level in the 
estuary rising up to 2 m above mean sea level (MSL), but after a flooding event the estuary may drain 
and the water level drops to 1 m above MSL.  The change in water level is one of the most important 
factors affecting the distribution of salt marsh species.  
The average monthly water temperatures range from 15°C (June) to 27°C (January). Average monthly 
salinity ranges from 0 to 25 ppt depending on the amount of rainfall and mouth condition (van 
Niekerk et al., 2008). During the intermittently open/closed (high flow) condition, the East 
Kleinemonde Estuary experiences salinity levels ranging from 37 ppt, in the lower to middle reaches, 
to 1 ppt in the upper reaches. During peak flood conditions the flood plain is inundated for a short 
period but otherwise flooding of the floodplain does not occur. Oxygen levels are high and turbidity 
levels have been known to range from 36 to 100 NTU. In comparison, during the closed mouth 
condition the estuary is usually saline (>25 ppt) and inundation of salt marsh may occur at water 
levels above 1.8 m amsl. Oxygen levels may drop to below 2 mg L-1, while turbidity levels are 
variable but average around 12 NTU (van Niekerk et al., 2008). 
In the East Kleinemonde Estuary the salt marsh occurs along the west bank above the road bridge 
and along the east bank in the middle to upper reaches of the estuary. The species Juncus kraussii, 
Sarcocornia decumbens and Sporobolus virginicus occur in the supratidal zone (>1.8 m amsl). 
Intertidal species are Sarcocornia tegetaria and Salicornia meyeriana (<1.3 m amsl). Stands of 
Phragmites australis are usually associated with small patches of Bolboschoenus maritimus and grow 
intermittently along the banks in the lower and middle reaches of the estuary. Submerged 
macrophytes grow in a continuous band along both banks above the road bridge. The most abundant 
submerged macrophyte is Ruppia cirrhosa while Chara vulgaris has a fragmented and scattered 
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distribution (Adams and Riddin, 2007; Riddin and Adams, 2008b). According to the 2010 Botanical 
Database the system has a salt marsh species richness of 36 (Adams et al., 2010).  
Pineapple and cattle farming occurs within the Kleinemonde catchment. Residential developments 
are moderate to dense in the lower reaches and low in the upper reaches of the estuary. At present 
only septic tanks are used for the treatment of domestic wastewater (sewage). Past aerial 
photographs indicate that reeds have recently become established on the east bank in the vicinity of 
Sites 1, 2 and 3. In 2008 the reeds covered an area of approximately 1 ha, whereas in 1995 they only 
covered 0.5 ha (van Niekerk et al., 2008). Table 3.1.5 shows the species collected in the East 
Kleinemonde Estuary (Sampling date: 15.05.2010).   
 
Table 3.1.5: Life stage, location and habitat characters of species collected in the East Kleinemonde Estuary.  
 
 Juncus kraussii Sarcocornia   
decumbens 
Sarcocornia   
tegetaria 
Sporobolus virginicus Triglochin 
elongata 
Life stage Flowering Flowering Vegetative growth Vegetative growth Flowering 
Geographic 
location 
33°31'56.41"S;   
27° 2'22.99"E 
-33°31'56.93"S;  
27° 2'23.31"E 
-33°31'57.15"S;  
27° 2'24.31"E 
-33°31'57.19"S;  27° 
2'22.58"E 
-33°31'57.30"S;  
27° 2'22.83"E 
Estuarine  
habitat 
Reeds and 
sedges 
Supratidal salt 
marsh 
Intertidal salt 
marsh 
Supratidal and intertidal 
salt marsh 
Intertidal salt 
marsh 
 
3.1.6.Ngqusi Estuary 
The Ngqusi/Nxaxo Estuary was a permanently open estuary located at approximately 32° 34.892'S; 
28° 31.388'E. The size of the estuary is about 159 ha and is mostly dominated by mangrove forests 
(Colloty et al., 2000a). Colloty et al., (2000) characterise estuaries of the former Ciskei/Transkei as 
being estuaries had high average salinity (between 18 and 23 ‰) and high average depth (between 
1.84 and 1.94 m). This region was politically unstable due to a series of military coups and research 
activities were almost nil.  There has been no previous botanical research on estuaries in Ciskei 
(Whitfield, 2000).  Estuaries in the Transkei were excluded from botanical study for more than 11 
years and little is known about the current structure and status of mangroves in this region.  
The Ciskei lies between the Great Fish (330 30` S; 270 08` E) and Tyolomnqa (330 14`S; 270 35` E) 
Rivers a distance of ca. 75 km (Figure 2.1).  This portion of the coast is made up of a series of small 
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bays with rocky headlands joined by a sandy beach.  These mouth barriers of the estuaries are 
usually perched above the mean spring water mark, sand being placed there by heavy seas.  
Fourteen estuaries are found in this region but only three are permanently open (Great Fish, 
Keiskamma and Tyolomnqa estuaries).  Compared to the Transkei the Ciskei has numerous recreation 
and residential developments on the banks of eight estuaries.  These are mostly holiday houses, 
while the Mpekweni, Old Woman’s and Great Fish estuaries have casino/hotel developments 
(Whitfield, 2000).   
The Transkei coast is a rugged and undeveloped region extending from the Great Kei River (32o 41’ S 
28o 23’ E) to the boundary between the Eastern Cape and KwaZulu-Natal provinces (Mtamvuna River, 
31o 04’ S 30o 11’ E) (Figure 2.2).  The average temperatures ranged between 160C (winter) and 260C 
(summer) and rainfall ranged between 750 mm y-1 (southern Transkei) and 1100 mm y-1 (northern 
Transkei) (South African Weather Bureau 1997-1999). The Transkei coast, also known as the Wild 
Coast, is approximately 270 kilometres in length and forms the transition between the warm 
temperate and subtropical biogeographic regions. Very few information is available on the salt marsh 
of the Ngqusi/Nxaxo Estuary. Nondoda (2009, unpublished) mapped the extent of the mangroves 
and salt marsh of the system. Mangroves covered the greatest area 23.1 (ha) and salt marshes to a 
lesser extent (6.6 ha). According to the Estuarine Botanical database there are 41 macrophyte 
species in the estuary.  Species collected in are listed in Table 3.1.6 (Sampling date: 09.07.2010).  
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  Table 3.1.6: Life stage, location and habitat characters of species collected in the Ngqusi Estuary. 
 
 Bassia diffusa Juncus kraussii Sarcocornia pillansii Sarcocornia   
tegetaria 
Sporobolus 
virginicus 
Triglochin striata 
Life stage Vegetative growth Flowering Vegetative growth  Vegetative growth Vegetative growth Flowering 
Geographic location 
Lower reaches  
                                
Middle reaches 
 
Upper reaches 
 
-32° 34.892'S;        
28° 31.388'E 
-32° 34.283'S;        
28° 31.691'E 
 
-32° 34.737'S;    
28° 31.607'E 
 
-32° 33.856'S;    
28° 31.490'E 
 
 
 
 
-32° 33.996'S;        
28° 31.544'E 
 
32° 34.773'S;        
28° 31.597'E 
-32° 34.288'S;        
28° 31.699'E 
-32° 33.855'S;        
28° 31.489'E 
 
 
                                                   
-32° 34.288'S;                        
28° 31.694'E 
                                                        
-32° 34.835'S;                            
28° 31.447'E 
-32° 34.289'S;                              
28° 31.702'E                              
32° 33.993'S;                            
28° 31.543'E 
Altitude (m) 
Lower reaches                  
Middle reaches 
Upper reaches 
 
0 
8 
 
12 
                             
14 
 
 
                                 
10  
                                    
14 
10         
10 
 
                                                
10  
                                                       
1 
10 
8 
Estuarine habitat Supratidal salt 
marsh 
Reeds and sedges  Intertidal salt marsh Supratidal  salt marsh Intertidal salt marsh 
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3.2.Morphological variation of eight dominant salt marsh macrophytes in different estuarine types 
in the Warm temperate region.  
3.2.1. Collection of macrophytes and growth form selection 
The macrophytes selected for this study are widely distributed on salt marshes in the Warm 
Temperate  biogeographic zone. In POEs collections were taken by carefully removing plants from 
the soil at three different reaches within the estuary:  upper (U), middle (M) and lower (L). In the 
Great Brak and the East Kleinemonde estuaries plants were collected in the lower reaches only as 
this is where the largest salt marsh areas were located (Creed, 1997).  In the larger salt marshes 
found in the Great Brak, Swartkops and Knysna estuaries plants were also collected along individual 
transects, similar to Richards et al. (2005).  Most of the sampling took place from April to August 
2010. Table 3.2. indicates the morphological characteristics of the macrophytes at the time of 
sampling. Species were either in the following growth stages: inflorescence, seeding or vegetative 
growth. Herbarium voucher specimens were collected and lodged at the Ria Oliver Herbarium (PEU)-
NMMU (Nelson Mandela Metropolitan University).  
Measurement of morphological characters 
From each patch plants were selected randomly for measurement similar to those of Mullins and 
Marks (1987) and Creed (1997). The total number of plants measured was 1749. To standardize 
measurements plant height was measured from leaf tip to first root or rhizome. Two exceptions for 
plant height were made: for Sarcocornia decumbens plant height was measured from the start of the 
tap root to the last segment on the longest branch as well as the length of the decumbent stem 
(referred to as the vertical stem here and is the first branch from the base of the main stem); for 
Sarcocornia pillansii plant height was measured as the longest apical branch.  The following 
characters were measured using an electronic calliper (EC Lab Services); segment length, segment 
thickness, leaf width and stem thickness. Small populations were either not sampled, or very few 
plants were removed for measurements. Mostly, 20 plants were measured or until the standard 
error was within 15 percent of the sample mean. An initial field trip was made to the Great Brak 
Estuary to determine whether plant species showed morphological variation. During this period only 
certain species and characters were measured. Due to time constraints a second trip was not 
undertaken and consequently some characters and species were not recorded. In other estuaries 
some species did not occur and were not measured. Table 3.2 shows the species and characters 
measured.   
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Table 3.2.: Species and characteristics measured in different estuaries.  
 
  
Plant  Height 
(cm) Stem Thickness (mm) Leaf Thickness (mm) Leaf Width (mm) Segment Thickness (mm) Segment Length (mm) Flower Stalk (mm) 
Bassia diffusa               
Juncus kraussii     
 
        
Sarcocornia decumbens     
 
        
Sarcocornia pillansii     
 
        
Sarcocornia tegetaria     
 
      
 
Spartina maritima               
Sporobolus virginicus               
Triglochin elongata   
 
    
  
  
Triglochin striata             
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3.2.2.Sediment analysis 
Soil samples were collected at four sites from the edge of the estuary along each transect within the 
zone where each species occurred (Richards et al., 2005). Samples were only collected from the 
Knysna and Swartkops Estuary because of the broad habitat range found in these systems. In each 
zone samples were collected at a depth 0-0.05 m. Four replicates of each sample were collected. Soil 
pH, redox potential and sediment electrical conductivity (EC) were determined in a field laboratory 
on the same day as sampling. Further samples were sealed and transported to the laboratory where 
analyses of soil moisture and organic content were undertaken. Richards et al. (2005) explained that 
these factors are important because salinity (a measure of electrical conductivity) has been shown to 
affect plants, and that soil water content and redox potential are correlated. Redox potential is 
correlated with the amount of oxygen available in soil which is difficult to measure, and nutrient 
availability is correlated with soil organic content. This suite of environmental variables is also 
logistically feasible considering the large sample size and it minimises temporal variation.  The 
specific measurement of these parameters is presented in the following subsections. 
Soil moisture content 
Soil moisture was determined according to the methods set out by Black (1965). Into a crucible, 10 g 
of each soil sample was weighed to 0.01 g accuracy and placed in a drying oven for 48 hours at 100 
°C. The samples were reweighed and the moisture content was determined using the following 
equation: 
100*




 
Mw
MdMw
, where Mw is the initial wet mass and Md is the mass after drying. 
 Soil organic content 
The sediment organic content was determined according to the method of Briggs (1977). The dried 
soil samples from the soil moisture experiment were placed in a muffle furnace (ashing oven) for 8 
hours at 550 ºC. The crucibles were removed from the ashing oven and placed in a desiccator 
containing anhydrous silica crystals until cool. The percentage organic matter was calculated as a loss 
of mass during ashing expressed as a percentage of the initial mass using the following equation:  
100*




 
Md
MaMd
, where Md is the initial dry mass and Ma is the mass after ashing. 
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Soil electrical conductivity (EC) 
Sediment electrical conductivity (mS.cm-1) of the soil rather than salinity (ppt) was measured 
because, although seawater and saline groundwater are dominated by sodium and chloride, salts 
normally precipitate out as calcium sulphate and sodium chloride, both contributing to the ion 
concentration of the soil. Soil electrical conductivity increases proportionally with the salt 
concentration (Egan and Ungar, 1999). Although only soil EC was recorded, salinity and EC are used 
interchangeably where exact values are not of importance, such as in general discussions. Soil 
electrical conductivity of a saturated paste was determined according to Barnard (1990). An air-dried 
soil sample (250 g) was placed in a beaker and de-ionised water added until saturated. The soil was 
tested for the properties of a saturated paste, i.e. no excess water on the surface of the soil, and if 
too dry more de-ionised water was added. The amount of de-ionised water used to attain saturation 
for each sample was recorded. The saturated paste was allowed to stand for at least one hour, and 
then filtered through a Buchman filter using Whatman No. 40 filter paper. The conductivity and 
temperature of the filtrate were measured using an YSI 30M/10FT hand held conductivity meter. 
Soil pH 
The method of measuring soil pH was modified after Black (1965). A sample of 5 g soil was placed in 
a 100 ml conical flask and distilled water added to the 50 ml volume mark. The sample was placed on 
a shaker for 30 minutes. The pH readings were then taken using a Beckman  310 series EDTA pH 
meter and probe. The pH meter was calibrated at 20 °C at a pH of 4, 7 and 10. 
 Soil redox potential 
The redox potential of the soil was determined according to Barnard (1990). A Metrohm AG 9101 
electrode attached to a Beckman  310 series EDTA pH meter was calibrated with a Metrohm 
Standard redox solution at a potential of U = + 250.5 (mV) at a temperature of 20 °C. Distilled water 
(25 ml) was added to 12.5 g of soil in a conical flask. The redox probe was inserted into the solution 
and shaken for 30 minutes and the reading taken.  
3.2.3.Data analysis 
Mean and coefficient of variation of each morphological character within and among populations 
were calculated using the non-parametric Kruskal-Wallis standard analysis of variance in Statistica 
10.0 (Chen et al., 2010). Cluster analyses generated dendrograms of relationships based on Squared 
Euclidean Distance and complete linkage. Principal component analysis was used to assess the 
multivariate effects of environmental factors on morphological characters, to assess which 
morphological characters can be used to distinguish between populations. The relationships between 
the morphological variations and the environmental factors were investigated using the Spearman 
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correlation (Raw soil data is presented in Appendix A). These analyses were done using the Minitab 
version 16 statistical package (Minitab Statistical Software, MINITAB Inc. USA) at α = 0.05.  
3.3.Species diversity, distribution, and morphological characters of South African salt marsh 
macrophytes: Towards developing a comprehensive Estuarine Botanical Database. 
3.3.1. Updating the Estuarine Botanical Database (2009-2011) 
For this section of the study data were obtained from published studies (e.g. Colloty, 2000; Turpie et 
al., 2007).  Field studies were then conducted between 2010 and 2011 for the current study to 
augment and update the database.  The specific stages in the data collection are presented in 
subsequent paragraphs.  At each stage of the study, new species were added to the list and species 
names were revised based on the most recent available literature. 
Initial database 
The Estuarine Botanical Database is an excel workbook consisting of five worksheets. The Habitat 
cover worksheet contains each estuary, its province, region, classification, habitat area and pressures 
associated with it. The habitat area information was not used in this study. The Species worksheet is 
supposed to contain all species collected in different estuaries.  Information on individual species 
such its taxonomy, common name, family and habitat are recorded in the Species details file while 
the Habitat richness worksheet contains information on intraspecific taxa and the number of 
estuarine habitats of each individual system.  
The original source for these data was Colloty (2000a). In 2007 there were 84 macrophyte species in 
the database, some including macroalgal genera.  This dataset was used by Turpie et al. (2002) and 
Turpie and Clark (2007) to determine the conservation and biodiversity importance of South Africa’s 
estuaries. It was also used in the 2004 National Spatial Biodiversity assessment. The revised Botanical 
Database also formed a component of the NSBA 2011 estuaries dataset. The NMMU Botany 
Department was contracted by the CSIR to update the Estuary Botanical Database.  This would 
provide continuous input to the estuaries component of the National Spatial Biodiversity Assessment 
undertaken by the South African National Biodiversity Institute.  The database was updated then 
regularly updated from 2009-2011. Estuaries were either updated from site visits, where only 
presence of species were recorded, or from literature sources.  Not all systems could be visited due 
the scope of the project and time constraints.        
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Sources used 
2009 
Four warm temperate temporarily open/closed estuaries the Blinde, Great Brak, Gwaing, Klein Brak 
and one permanently open estuary, Kaaimans were selected for the 2009 study. Apart from the 
Great Brak estuary these estuaries were poorly studied in terms of their habitat cover and 
macrophyte species richness. Using new available literature species were also added for the Berg 
River Estuary (Boucher and Jones, 2007), Uilkraals Estuary (Mucina et al., 2003), and the Olifants 
Estuary (Bornman, 2002). Recent data of Prinsloo (unpublished data) was used to update the 
macroalgae list in terms of occurrence and species name changes.  
2010 
During this period site visits to the Ngqusi, Keiskamma, East Kleinemonde, Kowie, Swartkops, and 
Knysna and Great Brak estuaries were conducted. Apart from the Keiskamma and East Kleinemonde 
estuaries species were recorded along at least three transects. Taxonomic revisions and subsequent 
name changes on Triglochin (Köcke et al., 2011) and Sarcocornia (Steffen et al., 2009) species were 
also added to the database.  
2011 
A field trip to Mbashe and Mbhanyana estuaries were taken to include subtropical estuaries. 
Nondoda (Unpublished) did a survey of the St Lucia wetland system and recorded macrophyte 
species along transects. The former Ciskei estuaries including the Blind, Buffalo, Bulura, Cintsa, 
Cunge, Cwili Gonubie, Gxulu, Haga, Hickmans, Hlaze, Hlozi, Mtwendwe, Kwelera, Kwenxura, Lilyvale, 
Mcantsi, Mlele, Morgan, Mtendwe, Mvubukazi, Nahoon, Ncera, Ngqenga, Nyara, Qinira,  and Quko 
estuaries were updated from Walker (2003).  
Taxonomic revisions and name changes of species  
For all plants taxonomic names were checked using Germishuizen and Meyer (2006). Google 
(Scholar) searches were done for recent taxonomic revisions of all macrophyte species. The following 
websites were used in conjunction with the above literature: Plantzafrica (www.plantzafrica.com); 
zipcodezoo (www.zipcode.com) and Algaebase (www.algaebase.org). 
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3.3.2.Using the Estuarine Botanical Database to determine species diversity in different estuary 
types and biogeographic regions  
The most recent updated Estuarine Botanical Database (November, 2011) was used to determine 
patterns of species distribution and diversity in South African estuaries. To avoid bias macroalgae 
were removed as Prinsloo’s (2009) study only focussed on the Warm Temperate Region.  
Ordination 
To summarise and depict species distribution data in a graphic format Correspondence Analysis was 
carried out using the Vegan 2.0-2 Community Ecology Package in R 2.14.0 (Oksanen et al., 2011).  
Diversity indices 
 The same software package (Vegan 2.0-2) was also used to develop alpha and beta diversity indices.    
The most widely used diversity indices is the Shannon index H (Shannon, 1948) and was used in this 
study.  
3.3.3.Constructing an identification key for dominant South African salt marsh species  
 
From the updated database it was found that 23 % of the species occurred in more than one percent 
of the 275 South African estuaries.  In order to reduce the number of species to make the key more 
useful for identification only species that were commonly found in South African estuaries were 
selected for further analysis. The database was then queried and species occurring in one percent or 
more estuaries were selected.  This resulted in most species from the supratidal fringe as well as 
macroalgae being removed. Macroalgae were then completely removed, a separate key for this 
group will be generated (not part of this study).   Species such as the reeds and sedges were all 
included as they can be important indicative species in salt marshes.      
Effect of recent taxonomic resolutions  
Species that underwent recent taxonomic revisions such as Sarcocornia   spp. and Triglochin spp. 
were also included. New species that were described were added even though their distribution in 
estuaries is not completely determined. These species belong to important genera on salt marshes 
and may be endemic to certain regions making inclusion mandatory. 
List of species used in taxonomic key       
Genera that underwent recent taxonomic revisions such as Sarcocornia and Triglochin were also 
included. New species that were described were added even though their distribution in estuaries is 
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not yet completely determined. These species belong to important genera of salt marshes and may 
be endemic to certain regions, making inclusion mandatory. 
A final species list of 57 was generated (Table 3.1). These species are from all habitats except 
macroalgae.  A character list was drawn up that includes information from the literature reviewed, 
photographs, monographs, herbarium specimens and measurements (Appendix B). The list of 
characters was entered into the DELTA (Description Language for Taxonomy) program (CSIRO 
Division of Entomology; Dallwitz et al., 1971-2000), and an interactive key was generated using the 
INTKEY module. DELTA is a method for recoding taxonomic descriptions for computer processing. In 
the DELTA editor any text can be included to qualify or amplify the coded information, which can 
then be carried through to descriptions. Diagnostic attributes for each taxon can be highlighted in full 
descriptions.  
The software also contains a program that generates conventional identification keys. The interactive 
key program; INTKEY was used for this project. INTKEY can be used for finding the differences, 
similarities and correlations among taxa. The final key was queried to determine similarities, 
differences, most useful characters and diagnostic characters of each species. 
Table 3.1. List of dominant macrophytes species occurring in South African estuaries.  
 
  Macrophyte species 
Sources used Distribution  
% 
1 Acrostichum aurem L. Cook (2004) 1 
2 Atriplex vestita (Thunb.) Aellen  Vlok and Schutte-Vlok (2010) 2 
3 Avicennia marina (Forsk.) Vierh. Coates-Palgrave (2002) 8 
4 Barringtonia racemosa (L.) Sprengel.  Coates-Palgrave (2002) 11 
5 Bassia diffusa (Thunb.) Kuntze Brenan (1988) 22 
6 Bolboschoenus maritimus (L.) Palla  Marhold et al. (2006) 23 
7 Bruguiera gymnorrhiza (L.) Lam. Coates-Palgrave (2002) 12 
8 Carpobrotus edulis (L.) L.Bolus  Van Jaarsveld et al. (2000) 1 
9 Conyza scabrida DC.  Nesom (1990) 3 
10 Cotula coronopifolia L.  Cook  (2004) 21 
11 Cotula filifolia Thunb.  Cook  (2004) 6 
12 Crassula expansa [Soland.]  Harvey (1894) 6 
13 Cynodon dactylon (L.) Pers.  Van Oudsthoorn (1992) 22 
14 Cyperus laevigatus L. Van Ginkel et al. (2011) 5 
15 Cyperus textilis Thunb.   Cook  (2004) 34 
16 Cyperus thunbergii Vhal Cook  (2004) 4 
17 Disphyma crassifolium (L.) L. Bolus Van Jaarsveld & De Villiers- Pienaar (2000) 11 
18 Drosanthemum parvifolium Schwantes  
Van Jaarsveld and De Villiers- Pienaar  
(2000) 2 
19 
Ficinia nodosa (Rottb.) Goetgh. Muasya & D.A. 
Simpson 
Cook  (2004) 
12 
20 Galenia secunda (L.f.) Sond.  Garcĺa-de-Lomas et al. (2007) 1 
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  Macrophyte species 
Sources used Distribution  
% 
21 Halophila ovalis (R. Brown) J. D Hooker Cook  (2004) 2 
22 Hibiscus tiliaceus L. Coates-Palgrave (2002)  19 
23 Juncus acutus L. Snogerup (1993) 11 
24 Juncus kraussii Hochst. Snogerup (1993) 75 
25 Juncus littoralis C.A.Mey.  Snogerup (1993) 5 
26 Limonium linifolium (L.f.) Kuntze  Dyer et al. (1963) 5 
27 Limonium scabrum (L.f.) Kuntze  Dyer et al. (1963) 12 
28 Phragmites australis Cav.) Steud. Cook  (2004) 63 
29 Plantago crassifolia  Forssk. Cook  (2004) 4 
30 Pycreus polystachyos (Rottb.) P.Beauv.  Cook  (2004) 2 
31 Rhizophora mucronata Lamarck ex Poiret Coates-Palgrave (2002) 5 
32 Ruppia cirrhosa (Pentag.) Grande Cook  (2004) 5 
33 Ruppia maritima L. Cook  (2004) 6 
34 Salicornia meyeriana Moss Kadereit et al. (2006) 11 
35 Salsola kali  (Pallas) Mosyakin  Mosyakin (1996) 2 
36 Samolus porosus (L.f.) Thunb.  Cook  (2004) 10 
37 
Sarcocornia natelensis (Bunge ex. Ung [including 
subspp.] 
Steffen et al. (2010)  
8 
38 Sarcocornia pillansii (Moss) A.J.Scott  Steffen et al. (2010) 11 
39 Sarcocornia decumbens (Tölken) A.J. Scott Steffen et al. (2010) 12 
40 Sarcocornia tegetaria S. Steffen, Mucina & G. Kadereit Steffen et al. (2010) 15 
41 Schoenoplectus  triqueter f. Oppei (Weihe) Soό Van Ginkel et al. (2011) 6 
42 Schoenoplectus scirpoideus (Schrad.) Browning  Van Ginkel et al. (2011) 1 
43 Scirpus littoralis Schrad Van Ginkel et al. (2011) 9 
44 Spartina maritima  (Curtis) Fernald  Marchant and Goodman (1969) 7 
45 Spergularia media (L.) C.Presl ex Griseb  Monnier and Ratter (1993) 1 
46 Spergularia rubra (L.). J. Presl. C. Presl.  Monnier and Ratter (1993) 1 
47 Sporobolus virginicus (L.) Kunth  Van Oudsthoorn (1992) 41 
48 Stenotaphrum secundatum (H. Walter) Kuntze Van Oudsthoorn (1992) 41 
49 Stuckenia pectinata (L.) Boerner  Cook  (2004) 12 
50 Triglochin buchenaui Köcke, Mering & Kadereit Köcke et al. (2011) 3 
51 Triglochin elongata Buchenau Köcke et al. (2011) 6 
52 Triglochin striata Ruiz & Pav.  Köcke et al. (2011) 19 
53 Typha capensis (Rohrb.) N.E.Br.  Cook  (2004) 18 
54 Zannichellia palustris L. Cook  (2004) 1 
55 Zostera capensis Setch. Cook  (2004) 17 
 
 
 
Table 3.1. continue 
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4. Results  
This section reports on the results obtained from both studies. Section 4.1 deals with the 
morphological variation of macrophyte species whereas Section 4.2. reports on the update of the 
Estuarine Botanical database. In the first section tables  are presented that show the mean, standard 
deviation, and coefficient of variation of morphological characters of each species. These characters 
were then used to determine whether different clusters existed for each species.     
4.1.Morphological variation of macrophytes within and among populations in different estuaries 
4.1.1. Bassia diffusa (Thunb.) Kuntze 
The mean plant length of populations of B. diffusa was significantly different between estuary sites 
(H=94.304, P< 0.001, d.f. =10) (Table 4.1.1). Tallest plants were found in permanently open estuaries 
with the tallest mean plant length found in the lower reaches of the Knysna Estuary (KNL= 75.4 cm, 
7.17± S.E.). This population was significantly taller than all other populations (P< 0.01) except for the 
populations in the upper reaches of the Knysna Estuary (KNL), Great Brak Estuary lower reaches 
(GBL2), and  Swartkops Estuary middle and upper reaches (P> 0.05).The shortest plants were found 
in the lower reaches of the Ngqusi Estuary (WCL= 29.9 cm, 2.22± S.E).  
 
The coefficient of variation (CV) reflects the varying degree within and among populations and 
indicates variance patterns. The CVs (expressed as percentage) of plants estimated for within 
populations of B. diffusa were inconsistent between all populations and ranged from 13.1 % to 95. 
8%. The population in the lower reaches along Transect 2 in the Great Brak Estuary was more 
variable (CV =95.8%) followed by that in the upper reaches in the Swartkops Estuary (84.0 %). The 
populations in the Ngqusi Estuary were more uniform (CV = 13. 1 % for WCL, 38.6 % for WCU).  
The leaf thickness of B. diffusa was also significantly different between all sites (F=20.154, P<0.001, 
d.f. = 5). Leaf thickness was similar within different estuarine reaches of all estuaries (P> 0.05).  Plants 
in the Knysna Estuary had significantly thicker leaves compared to those of the Swartkops Estuary (P< 
0.05). Leaf thickness (CV = 11.0 % to 15.9 %) showed less variation compared to plant length. Leaves 
of plants in the middle reaches of the Knysna Estuary were the most variable with respect to 
thickness (CV = 15.9 %).  Cluster analysis was used to reveal the association between populations 
(Figure 4.1.1). The dendogram based on Euclidean distance of two morphological characters 
separated six populations of Bassia diffusa into two groups consisting of four clusters. The 
Populations KNL, SWM and SWU formed the first group while the KNM, KNU and SWL populations 
formed the second group. Groups of plants within each cluster were strongly similar. The KNL 
population had a within group similarity of 100 %. The SWM and SWU populations formed a closely 
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related cluster with a similarity level of 98.55 %. These two clusters formed the first group with a 
within group similarity of 89.7 %. Populations KNU and SWL formed a cluster with 97.9 % similarity, 
and combined with the KNU population (100 % similarity) to form the second group with within 
group similarity of 91.2 %. Within all clusters plant height was the most variable character (grand 
centroid value for all clusters= 52.89) compared to leaf thickness (grand centroid value = 2.61).  
A principal components analysis of morphological and environmental factors produced three 
important components which explained 68.9 % of the total variation (Table 4.1.2). In the first PC, 
which explained 40.1% of the variation, the most important Eigenvectors were moisture content, 
organic content and electrical conductivity. The PC2 (35.5 %) had high loadings caused by leaf 
thickness, organic content and pH. The third PC (10.6 %) described variation in related to plant length 
predominantly. The first principal component reflected the variation in environmental factors while 
the last two was related to the variation in morphological characters in populations of Bassia diffusa. 
Spearman correlation analysis revealed the relationships among the two morphological characters 
and environmental factors of study sites (Table 4.1.3). Plant length showed a significantly negative 
correlation with moisture content, organic content and electrical conductivity. Plant length 
correlated significantly positive with redox potential. In contrast to plant length correlated positively 
with moisture content, organic content, redox potential, pH and temperature, and negatively with 
electrical conductivity.  
Table 4.1.1: Variation (Mean, Coefficient of Variance, Standard Error) of plant length (cm) and leaf width 
(mm) within and among different populations of B. diffusa at different estuarine sites. GB = 
Great Brak Estuary; KNL= Knysna Estuary; SW= Swartkops Estuary, KW= Kowie Estuary, WC= 
Ngqusi Estuary; L= lower reaches, M= middle reaches, U= upper reaches; 1= transect one,2= 
transect two. 
 
Character Site Mean S.E. C.V. (%) Valid N 
Plant length (cm) 
  
  
  
  
  
  
  
  
  
  
GBL1 38.7 2.89 31.7 15 
GBL2 51.6 5.23 95.8 20 
KNL 75.4 7.17 48.2 20 
KNM 31.5 2.66 19.4 20 
KNU 44.5 3.21 37.6 20 
SWL 38.2 3.19 45.7 20 
SWM 61.3 8.36 84.0 20 
SWU 66.6 4.63 65.8 20 
WCL 29.9 2.22 13.1 20 
WCM 35.3 4.46 38.6 20 
KWU 31.2 2.93 37.1 
 
 
24 
Leaf thickness (mm) 
  
  
  
  
  
KNL 2.9 0.091 13.9 20 
KNM 3.1 0.054 15.9 20 
KNU 2.7 0.054 11.9 20 
SWL 2.4 0.060 11.0 19 
SWM 2.3 0.070 13.4 20 
SWU 2.3 0.060 12.0 20 
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Figure 4.1.1: Hierarchical classification using complete linkage squared Euclidean distance of two 
morphological characters of populations of B. diffusa at different estuarine sites. 
 
Table 4.1.2: The Eigen values, cumulative contribution rate of three significant principal components and the 
coefficients for each morphological and environmental variable of populations of B. diffusa. 
Variables with high loadings on each of the principal components are indicated boldfaced. 
 
Eigenvector                          PC1      PC2    PC3      
Plant length                      -0.326   0.003   0.789 
Leaf thickness                  0.115   0.470    0.084 
Moisture content            0.512   0.122   -0.113 
Organic content              0.376   0.418     0.094 
Redox                               -0.398   0.291     0.082 
pH                                     -0.337   0.344    -0.460 
EC                                      0.390   -0.390     0.200 
Temp                                0.231   0.484       0.299 
Eigen value                  3.2074 2.8367     0.8476 
 
 
Cumulative                   0.401          0.756        0.861 
 
Table 4.1.3: Spearman correlation analysis for the relationships between morphological characters and 
environmental factors within populations of Bassia diffusa. 
 
Character/environmental variable Plant length Leaf thickness 
leaf thickness 0.081 
 
Moisture content (%) -0.503*** 0.287*** 
Organic content (%) -0.316*** 0.590*** 
Redox (mV)  0.331*** 0.201* 
pH 0.169 0.254** 
EC (mS.cm-1)  -0.321*** -0.319*** 
Temp (°C) -0.087 0.642*** 
Significant level: *P<0.05; **P< 0.01; ***P<0.001 
112 
 
4.1.2.Juncus kraussii Hochst subsp. krausii 
Plant height of J. kraussii was significantly different between sites (H= 81.214, P < 0.001, d.f. = 6) 
(Table 4.1.2) The tallest plants were found in the lower reaches of the Ngqusi Estuary (102.0 cm, 3.36 
± SE). The plants in the lower reaches of the Knysna Estuary were shortest (KNL= 66.9 cm, 2.50 ± SE, 
P< 0.001). All populations within the Knysna Estuary were significantly taller (P< 0.01) than 
populations at all other sites except for the East Kleinemonde Estuary where the plants were 
significantly taller than those of the lower reaches of the Knysna Estuary ( EKL= 85.06 cm, 1.89 ± SE, 
P< 0.001). Plant height of Juncus kraussii showed very low variation within populations. The total 
variation ranged from 9.8 to 15.4 %. The greatest variation occurred in permanently open estuaries 
(CV = 15.4 % for KNL and 14.8 % for WCL) compared to TOCEs (CV = 9.7 % for GBL2).  
Culm thickness revealed a similar pattern to plant height. Culm thickness was significantly different 
between all sites (H= 85.108, P< 0.001, d.f. =4) with the thickest culms in the lower reaches of the 
Ngqusi Estuary (5.8 mm, 0.27 ± SE). Culms of this population were significantly taller than those of 
populations at all other sites (P< 0.01) except for the population in the upper reaches of the Knysna 
Estuary (P> 0.05). The Knysna Estuary had the thinnest culms but the difference was not significant 
across sites (P> 0.05). Culm thickness showed greater variation compared to plant height (CV = 9.7 % 
(WCU) to 20.4 % (WCL)). The populations in the Knysna Estuary were very similar, with KNL showing 
the lowest variation (10.7 %) and KNM and KNU having the same coefficient of variation (13.1 %).  
Cluster analysis separated five populations of Juncus kraussii into two dissimilar groups (Figure 4.1.2) 
and showed that populations in both estuaries are very different. The first groups consisted of the 
three populations of the Knysna Estuary and the second composed of the two populations of the 
Ngqusi Estuary. Plant height and culm thickness were used in this separation. The first cluster was 
composed of the KNL and KNM populations and showed great similarity within the cluster (99. 7 %). 
This cluster combined with the KNU population for a 95.3 % within-group similarity level. The second 
cluster formed the second group and was composed of the WCL and WCU populations, with a within-
cluster similarity of 86.7 %. Within all clusters plant height was the most variable character (Grand 
Centroid= 81.14).  
Correlation analysis revealed a significantly positive correlation between sediment electrical 
conductivity and plant heights of populations of Juncus kraussii (Table 4.1.5). Culm thickness showed 
a significantly positive relationship with pH and electrical conductivity.  
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Table 4.1.4: Variation (Mean, Coefficient of Variance, Standard Error) of plant height (cm) and culm thickness 
(mm) within and among different populations of J. kraussi at different estuarine sites. GB = 
Great Brak Estuary; EK= East Kleinemonde Estuary, KNL= knysna Estuary; SW= Swartkops 
Estuary, KW= Kowie Estuary, WC= Ngqusi Estuary; L= lower reaches, M= middle reaches, U= 
upper reaches; 2= transect two. 
 
Character Site 
Mean S.E. C.V. (%) Valid N 
Plant height (cm) 
  
  
  
  
  
  
GBL2 
87.4 1.67 9.8 26 
EKL 
85.1 1.89 11.1 25 
KNL 
72.7 2.50 15.4 20 
KNM 
74.5 2.32 13.9 20 
KNU 
66.9 1.61 11.1 21 
WCL 
102.0 3.36 14.7 20 
WCU 
89.6 2.34 11.7 20 
Culm thickness (mm) 
  
  
  
  
KNL 
1.9 0.05 10.7 20 
KNM 
2.2 0.06 13.1 20 
KNU 
1.7 0.06 13.1 20 
WCL 
5.8 0.27 20.4 20 
WCU 
2.3 0.05 9.7 20 
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Figure 4.1.2: Hierarchical classification using complete linkage squared Euclidean distance of two 
morphological characters of populations of J. kraussii at different estuarine sites. 
 
 
 
Table 4.1.5: Spearman correlation analysis for the relationships between morphological characters and 
environmental factors within populations of Juncus kraussii.   
Character/environmental variable Plant height Culm thickness 
Culm thickness 0.240 
 Moisture content (%) 0.160 0.008 
Organic content (%) 0.081 -0.136 
Redox (mV)  0.148 -0.016 
pH 0.219 0.521*** 
EC (mS.cm
-1
)  0.325** 0.489*** 
Significant level: *P<0.05; **P< 0.01; ***P<0.001 
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4.1.3.Sarcocornia decumbens (Tölken) A.J. Scott 
The vertical stem lengths of S. decumbens were different between all sites (H = 41.869, P< 0.001, d.f. 
= 3) (Table 4.1.6). The population in the middle reaches of the Ngqusi Estuary had significantly taller 
stems compared to all other sites (WCM= 49.8 cm, 3.05 ± SE, P< 0.001). The shortest vertical stem 
lengths were in populations in the lower reaches of the Knysna Estuary (20.8 cm, 0.35 ± SE) and were 
significantly shorter from those of all other populations except for the EKL populations( EKL= 24.42 
cm, 1.37± SE, P> 0.05). Vertical stem length showed great variation between sites (CV = 7.7 % (KNL) 
to 31.4% (SWL)). Populations with taller stem lengths also had the greatest variation in stem length 
(CV= 27.40 % for WCM and 31.42 % for KNL).  
The plant height of S. decumbens were also different across sites (H = 27.055, P< 0.001, d.f. = 4). 
Plants in permanently open estuaries were taller (KNL= 61.2 cm, 4.34 ± SE; SWL= 52.8 cm, 2.54 ± SE; 
WCM= 62.1 cm, 4.24 ± SE) compared to those in temporarily open/ closed estuaries (EKL= 39.4 cm, 
2.57 ± SE; GBL1= 46.5cm, 2.28± SE). The EKL population was significantly shorter than all POCEs 
(P<0.05) but was similar to the GBL1 population (P> 0.05). Plant height of S. decumbens did not show 
great variation between sites and only differed by 12.1 %. The greatest variation occurred in the KNL 
population (31.67 %) and the lowest in the EKL population (19.6 %) 
Segment lengths of populations of S. decumbens were also different between all sites (H = 48.288, P< 
0.001, d.f. = 4) with populations in TOCEs having longer segments compared to those in POCEs. The 
population in the lower reaches of the East Kleinemonde Estuary had significantly longer segment 
lengths than the KNL (9.4 mm, 0.41 ± SE, P< 0.001) and SWL (11.6 mm, 0.41± SE, P< 0.05) 
populations.  The KNL population had shortest segment length compared to all other estuaries (P< 
0.001) and was similar to the SWL population (P> 0.05). Variation of segment length was different 
between all sites and CVs ranged from 8.9 % (EKL) to 24.9 (GBL1) in TOCEs and from 11.5% (WCM) to 
19.7 % (KNL) in POEs.  
Populations of  S. decumbens across estuaries also differed with respect to segment thickness (H = 
29.9901, P< 0.001, d.f. = 4) but unlike segment length segment thickness was greatest in POCEs. The 
thickest segments were found in the KNL population (4.4 mm, 0.11 ± SE) but it was not significantly 
different except from the EKL population (P> 0.05). The EKL population had significantly thinner 
segments (3.4 mm, P< 0.01) but was not significantly different from the GBL1 population (GBL1= 3.8 
mm, 0.25 ± SE, P> 0.05). Segment thickness showed less variation compared to segment length. 
Greatest variation occurred in TOCEs compared to POCEs and CVs ranged from 15.8 % (EKL) to 18.9 % 
(GBL1) and from 7.7 % (KNL) to 10.68 % (WCM) in POCEs.  
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The flower stalk length of Sarcocornia decumbens was also significantly different between 
populations in different estuaries (H=30.886, P<0.001, d.f. = 2). Flower stalks in the Knysna Estuary 
were significantly longer compared to those of plants in the Swartkops and Great Brak estuaries 
(P<0.001). Total variation across sites was 16.1 % with the greatest variation occurring in the Great 
Brak Estuary (CV = 31.5).  
The five populations of Sarcocornia   decumbens were separated into three groups consisting of 
three clusters (Figure 4.1.3). The first group consists of the WCM and KNL populations which formed 
the first cluster with a similarity level of 94. 2 %. The second cluster belonging to the second group 
was composed of the SWL and GBL1 populations that were 91.6 % related. The third group (100% 
similar) was the EKL population and only 35.9 % similar to the second group. In all three clusters 
plant height was the most variable character (Grand Centroid= 52.42) followed by Segment length 
(Grand Centroid= 12.5748) and segment thickness (Grand Centroid= 3.9).   
The PCA resolved three principal components (PC) which explained 97.3 % of the total variance 
(Table 4.1.7). PC1 explained most of the variation (70%) and consisted of environmental factors and 
flowering stalk length. In the second PC (11.8%) morphological characters of plant height, segment 
length and segment thickness were most important.  The third PC (9.8%) was related to the variation 
attributed by segment thickness.      
Vertical stem length of Sarcocornia decumbens showed strong significantly positive (P<0.001) 
relationships with flower stalk length, moisture content, organic content and pH (Table 4.1.8). In 
contrast there were strong significantly negative correlations (P<0.001with sediment electrical 
conductivity and ambient temperature.  Segment length correlated significantly positively (P<0.001) 
with flower stalk length, sediment moisture content, redox potential, organic content and electrical 
conductivity. Segment length also showed negative correlations (P<0.001) with sediment pH and 
temperature. Flower stalk length had strong significantly positive correlations with moisture content, 
organic content and pH while there were strong significantly correlations with redox potential and 
electrical conductivity.          
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Table 4.1.6: Variation (Mean, Coefficient of Variance, Standard Error) Vertical stem length (cm), plant length 
(cm), Segment length (mm) and Segment thickness (mm) within and among different 
populations of S. decumbens at different estuarine sites. GB = Great Brak Estuary; EK= East 
Kleinemonde Estuary, KNL= knysna Estuary; SW= Swartkops Estuary, KW= Kowie Estuary, WC= 
Ngqusi Estuary; L= lower reaches, M= middle reaches, U= upper reaches; 1= transect one. 
 
Character Site  Mean S.E. C.V. (%) Valid N 
Vertical stem length(cm) 
KNL 20.8 0.35 7.7 20 
WCM 49.8 3.05 27.4 20 
EKL 24.4 1.37 25.1 20 
SWL 32.7 2.3 31.4 20 
Plant length(cm) 
EKL 39.4 2.57 29.8 21 
GBL1 46.5 2.28 19.6 16 
KNL 61.2 4.34 31.7 20 
SWL 52.9 2.54 21.5 20 
WCM 62.1 4.24 30.5 20 
Segment length (mm) 
WCM 14.8 0.38 11.5 20 
SWL 11.6 0.41 15.8 20 
KNL 9.4 0.41 19.7 20 
EKL 13.8 0.28 9.0 20 
GBL1 13.3 0.6 24.9 30 
Segment thickness (mm) 
WCM 4.1 0.07 7.7 20 
SWL 4.2 0.09 9.7 20 
KNL 4.4 0.11 10.7 20 
EKL 3.4 0.12 15.8 20 
GBL1 3.8 0.25 18.9 8 
Flower stalk length (mm) 
GBL1 3.4 0.37 31.5 10 
KNL 5.8 0.21 14.7 17 
SWL 3.46 0.12 15.4 20 
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Figure 4.1.3: Hierarchical classification using complete linkage squared Euclidean distance of three 
morphological characters of populations of S. decumbens at different estuarine sites. 
 
 
 
 
 
 
Table 4.1.7: The Eigen values, cumulative contribution rate of three significant principal components and the 
coefficients for each morphological and environmental variable of populations of Sarcocornia   
decumbens. Variables with high loadings on each of the principal components are indicated 
boldfaced.  
 
Eigenvector                             PC1     PC2     PC3 
plant height  (from root)    0.090   0.517   -0.708 
Vertical stem                        0.219  -0.077   -0.388 
Segment length                    0.197   0.648    0.020 
Segment thickness              -0.083   0.553   0.586 
flowering stalk                     0.351   0.000     0.030 
Moisture content                0.359  -0.008     0.025 
Organic content                  0.359  -0.008     0.025 
Redox                                    0.359  -0.008     0.025 
pH                                          -0.359   0.008    -0.025 
EC                                           0.359  -0.008     0.025 
Temp                                    -0.359   0.008     -0.025 
Eigen value                          7.6987  1.2970  0.0735 
Cumulative                          0.700   0.818       0.915 
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Table 4.1.9.: Spearman correlation analysis for the relationships between morphological characters and 
environmental factors within populations of S. decumbens.  
 
Character/environmental variable Plant height Vertical stem                 Segment length Segment thickness Flower stalk                      
Vertical stem                 0.023 
    
Segment length 0.22 0.164 
   
Segment thickness 0.000 -0.204 0.212 
  
Flower stalk  length                     -0.259 0.553*** 0.530*** -0.214 
 
Moisture content (%) -0.261 0.569*** 0.526*** -0.222 0.968*** 
Organic content (%) 0.261 0.569*** 0.526*** 0.222 0.968*** 
Redox (mV)  -0.261 -0.569*** 0.526*** -0.222 -0.968*** 
pH 0.261 0.569*** -0.526*** 0.222 0.968*** 
EC (mS.cm-1)  0.261 -0.569*** 0.526*** 0.222 -0.968*** 
Temp (°C) 0.261 -0.569*** -0.526*** 0.222 
 Significant level: *P<0.05; **P< 0.01; ***P<0.001 
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4.1.4.Sarcocornia pillansii (Moss) A.J. Scott 
Plant height of S. pillansii was significantly different between sites (H= 75.144, P <0.001, d.f. = 7) 
(Table 4.1.10). Plants at all other sites were significantly taller than the KWM population (KWM= 10.1 
cm, 0.61 ± SE, P<0.001). Plants in the upper reaches of the Knysna Estuary (KNU= 33.7 cm, 1.56 ± SE) 
were significantly shorter than those in the lower reaches (KNM= 23.6, 1.31 ± SE, P< 0.001). The 
variation of plant height ranged from 18.9 % to 32.4 % (coefficient of variation). The segment lengths 
were also significantly different between sites (H= 61.047, P< 0.001, d.f.). Stem segments in the 
upper reaches of the Ngqusi Estuary were significantly longer than those in the lower reaches (KNL= 
7.5 mm, 0.34 ± SE, P< 0.05; SWL= 7.1 mm, 0.19 ± SE, P< 0.001) and the middle reaches (KNM= 6.5 
mm, 0.16 ± SE, P< 0.001; SWM= 6.9, 0.16 ± SE, P< 0.001) of the Knysna Estuary and Swartkops 
Estuary, respectively. No significant difference in segment length was found between the upper 
reaches of all estuaries (P> 0.005).  
Variation in segment length ranged from 12.1 % (SWL) to 20.4 % (KNL). Stem segments in the 
Swartkops population were most similar (CV = 1%) whereas the Knysna Estuary showed the greatest 
variation (CV = 5%) but was still very similar. Segment thickness was significantly different between 
sites (H= 47. 300, P< 0.001, d.f. = 6) with segments in the lower reaches of the Swartkops and the 
Knysna Estuary being significantly thinner (SWL= 2.8 mm, 0.05 ± SE, P< 0.001; KNL= 2.7 mm, 0.09 ± 
SE, P< 0.001) compared to the middle and upper reaches populations. Variation of segments ranged 
from 6.8 % (SWU) to 14.9 % (KNL). Variation of segment thickness was greater in the population in 
the Knysna Estuary (5.5 %) compared to those of the Swartkops Estuary (3.5 %).  
Cluster analysis separated eight populations of Sarcocornia pillansii into three groups with the KWM 
population forming a unique group (Figure 4.1.4). The first group consisted of the KNL, SWM, SWU 
and KNM populations. The second group consisted of the KNU, WCU, SWL populations. Three 
clusters were generated with the first cluster formed by the KNL, SWM, SWU populations. These 
three populations share a similarity greater than 99% percent. The KNM population are joined to this 
cluster resulting in an overall within group similarity of 96.2 %. The second cluster consisted of the 
KNU and WCU populations (99.2 %) with the SWL joining with a 97.5 % similarity. Plant height was 
the most variable character in all clusters (Grand centroid= 26.45) followed by segment length 
(Grand centroid = 7.73).    
Principal components analysis of morphological and environmental factors produced three important 
components which explained 68.81% of the total variation (Table 4.1.11). In the first PC, which 
explained 36.7 % of the variation, the most important Eigenvectors were moisture- and organic 
content. The PC2 (27.5%) had a high loading caused by temperature. The third PC (13.3%) described 
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variation in related to plant height predominantly. The first two principal components reflect the 
variation in environmental factors while the third PC is related to the variation in morphological 
characters in populations of Sarcocornia pillansii.   
There were   significant positive correlations between plant height, moisture content and organic 
content (Table 4.1.12). Segment length showed a significantly positive Correlation with moisture 
content and organic content and correlated significantly negatively with pH. There was a significant 
positive relationship between segment thickness and redox potential and a significant negative 
correlation between segment thickness, pH and temperature.     
Table 4.1.10: Variation (Mean, Coefficient of Variance, Standard Error) of plant length (cm), segment length 
(mm) and segment thickness (mm) within and among different populations of S. pillansii at 
different estuarine sites. KN= knysna Estuary, SW= Swartkops Estuary, KW= Kowie Estuary, WC= 
Ngqusi Estuary; L= lower reaches, M= middle reaches, U= upper reaches. 
 
Character Site Mean S.E. C.V. (%) Valid N 
Plant length (cm) 
  
KNL 28.1 1.32 18.9 16 
KNM 23.6 1.31 24.7 20 
KNU 33.7 1.56 20.7 20 
KWM 10.1 0.61 27.5 21 
SWL 30.3 1.56 23.0 20 
SWM 27.3 1.22 20.0 20 
SWU 26.0 0.87 15.0 20 
WCU 32.6 2.36 32.4 20 
segment length (mm) 
  
KNL 7.6 0.34 20.4 20 
KNM 6.5 0.16 10.7 20 
KMU 8.6 0.29 15.1 20 
KWM 7.9 0.3 17.4 21 
SWL 7.1 0.19 12.1 20 
SWM 6.9 0.19 12.1 20 
SWU 7.9 0.23 13.0 20 
WCU 9.4 0.32 15.4 20 
Segment thickness (mm) 
  
KNL 2.7 0.09 14.9 20 
KNM 3.1 0.07 9.4 20 
KNU 3.1 0.08 11.7 20 
SWL 2.8 0.05 8.3 20 
SWM 3.4 0.09 11.8 20 
SWU 3.3 0.05 6.8 20 
WCU 3.1 0.07 9.4 20 
 
122 
 
 
Figure 4.1.4: Hierarchical classification using complete linkage squared Euclidean distance of two 
morphological characters of populations of S. pillansii at different estuarine sites 
 
Table 4.1.11: The Eigen values, cumulative contribution rate of three significant principal components and 
the coefficients for each morphological and environmental variable of populations of 
Sarcocornia pillansii. Variables with high loadings on each of the principal components are 
indicated boldfaced.  
 
Eigenvector             PC1     PC2   PC3      
 Plant height              0.175  -0.000  0.724    
 Segment length       0.260  -0.003   0.249   
Segment thickness  0.141  -0.365  -0.484   
Moisture content    0.428   0.283  -0.030    
Organic                       0.503  -0.059  0.160   
 Redox                         0.201  -0.576   0.079   
 pH                             -0.466   0.195   0.099    
 EC                              -0.421  -0.255   0.364   
 Temp                         0.102   0.590  -0.066  
 Eigenvalue            3.3052   2.4748   1.2007   
 Cumulative               0.367   0.642   0.776    
  
 
Table 4.1.12: Spearman correlation analysis for the relationships between morphological characters and 
environmental factors within populations of S. pillansii. 
  
Character/environmental variable Plant height Segment length Segment thickness 
Segment length 0.129 
  Segment thickness -0.134 -0.004 
 Moisture content (%) 0.236** 0.198*  0.002 
Organic content (%) 0.377*** 0.364*** 0.157 
Redox (mV)  0.131 0.168 0.460*** 
pH -0.151 -0.407*** -0.334*** 
EC (mS.cm-1)  0.003 -0.165 -0.149 
Temp (°C) 0.02 0.16 -0.404*** 
Significant level: *P<0.05; **P< 0.01; ***P<0.001 
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4.1.5. Sarcocornia tegetaria S. Steffen, Mucina & G. Kadereit 
The length of S. tegetaria stems was significantly different between sites (H= 199.314, P< 0.001, d.f. 
11) (Table 4.1.13). Plants in both temporarily open/ closed estuaries were significantly shorter than 
all permanently open Estuary sites (EKL= 14.80 cm, 0.86 ± SE; GBL1= 10.92 cm, 0.76± SE, P< 0.001). 
The Swartkops Estuary had the greatest variation of plant lengths (CV = 2.02 % for SWM, 36.33 % for 
SWU). Mean plant lengths in temporarily open/ closed estuaries also varied significantly (CV = 27.19 
% for EKL, = 36.01 % for GBL1). Plant lengths in the Knysna Estuary ranged from 14.69 % (KNU) to 
(KNL) 29.37 % and from 13.85 % (WCL) to 19.84 (WCU).  
Segment length were also significantly different between sites (H= 80.315, P< 0.001, d.f. = 9) with 
segments in the lower reaches of the Knysna Estuary significantly longer compared to all other sites 
(WCU= 16.15 mm, 0.68 ± SE, P< 0.05). Segments of the KNL population were significantly longer than 
those of the KNM (KNM= 6.80 mm, 0.30± SE, P< 0.01) and SWL population (SWL= 6.90 mm, 0.20 ± SE 
P< 0.01). Segment length showed a total variation of 18.85 %. Segment length in the Knysna Estuary 
ranged from 11.94 % (KNL) to 23.66 % (KNM); from 12.94 % (SWL) to 20.87 % (SWU) in the Swartkops 
Estuary and from 13.85 % (WCL) to 21.78 % (WCM).  
Segment thickness of S. tegetaria was also significantly different between sites (H= 104.238, P< 
0.001, d.f. = 8).  Segments in the lower reaches of the Knysna estuary were significantly thicker 
compared to all other sites (KNL= 5.10 mm, 0.09 ± SE, P< 0.01) except for the populations in the 
upper reaches of the Knysna Estuary (KNU= 4.47 mm, 0.20 ± SE, P>0.05) and the middle reaches of 
the Swartkops Estuary (SWM= 4.55 mm, 0.11 ± SE, P> 0.05). The SWM population had significantly 
thicker segments than those in all sites within the Ngqusi Estuary (WCL= 3.77 mm, 0.06 ± SE; WCM= 
3.20 mm, 0.10 ± SE; WCU= 3.28 mm, 0.14± SE, P< 0.01). The overall variation of segment thickness 
was low between sites (11.25 %) and CVs ranged from 7.30 % (WCL) to 20.37 % (KNU).  
Cluster analysis separated ten populations of Sarcocornia tegetaria into three groups composed of 
five closely related clusters (Figure 4.1.5). The first group consisted of the KNL, KNM, KWU and WCL 
populations. Group two consisted KNM, SWL, WCM and WCU populations. The third group was 
composed of the SWM and SWU population. The first three clusters all have a within cluster 
similarity greater than 99%. The WCL population is joined to the KNM-SWL cluster with a within-
cluster similarity of 98.92 %. The fourth cluster was formed by the WCU population alone, but which 
was 97.34 % similar to the SWL – WCM cluster. The fifth cluster was composed of the SWM and SWU 
population (94.71 % similarity). In all clusters plant length was the most variable character (Grand 
centroid = 33.79) followed by segment length (Grand centroid = 8.55). 
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Three principal components which explained 70.96 % of the total variation of morphological and 
environmental factors was produced (Table 4.1.14). In the first PC (40.9 %) the most important 
Eigenvectors were segment thickness, moisture content and organic content. In the second PC (26.4 
%) high loadings was caused by segment thickness and redox potential. The third PC (10.6 %) 
described variation in related to segment length and temperature. All three principal components 
reflect the variation in environmental factors and morphological characters in populations of 
Sarcocornia tegetaria. 
 Plant height of Sarcocornia   tegetaria showed a significantly positive correlation with segment 
length and pH (Table 4.1.15). There was a significantly negative correlation between plant height and 
moisture content, organic content and temperature. Segment length correlated significantly 
positively with segment thickness. Significantly negative correlations were found between segment 
length and moisture -and organic content. Segment thickness had a significantly positive relationship 
with redox potential and significantly negative relationships with pH and electrical conductivity.   
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Table 4.1.13: Variation (Mean, Coefficient of Variance, Standard Error) of plant length (cm), segment length 
(mm) and segment thickness (mm) within and among different populations of S. tegetaria at 
different estuarine sites. GB = Great Brak Estuary; EK= East Kleinemonde Estuary, KN= knysna 
Estuary; SW= Swartkops Estuary, KW= Kowie Estuary, WC= Ngqusi Estuary; L= lower reaches, M= 
middle reaches, U= upper reaches; 1= transect one. 
 
Character 
Site Mean S.E. C.V. % Valid N 
Plant length (cm) 
  
  
  
  
  
  
  
  
  
  
  
EKL 14.8 0.86 27.19 22 
GBL1 10.9 0.76 36.01 27 
KNL 27.2 1.79 
29.37 
20 
KNM 33.6 2.28 30.32 20 
KNU 24.4 0.80 14.69 20 
KWM 17.4 0.78 20.05 20 
SWL 35.0 2.50 31.87 20 
SWM 51.6 0.23 
2.02 
20 
SWU 58.2 4.73 36.33 20 
WCL 19.1 0.61 13.85 19 
WCM 37.7 1.79 21.78 21 
WCU 33.7 1.49 19.84 20 
Segment length (mm) 
  
  
  
  
  
  
  
  
  
KNL 8.7 0.23 11.94 20 
KNM 6.9 0.36 23.66 20 
KNU 7.2 0.28 17.33 20 
KWM 7.5 0.30 17.96 20 
SWL 6.9 0.20 12.94 20 
SWM 7.9 0.24 13.82 20 
SWU 7.7 0.36 20.87 20 
WCL 8.9 0.63 30.79 19 
WCM 7.7 0.39 23.09 21 
WCU 16.2 0.68 18.87 20 
Segment thickness (mm) 
  
  
  
  
  
  
  
  
KNL 5.1 0.09 8.29 20 
KNM 3.7 0.12 14.48 20 
KNU 4.5 0.20 20.37 20 
SWL 4.2 0.11 11.75 20 
SWM 4.5 0.11 10.82 20 
SWU 4.2 0.11 11.75 20 
WCL 3.8 0.06 7.30 19 
WCM 3.2 0.10 14.86 21 
WCU 3.3 0.14 18.55 20 
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Figure 4.1.4: Hierarchical classification using complete linkage squared Euclidean distance of two 
morphological characters of populations of S. tegetaria at different estuarine sites. 
 
Table 4.1.14: The Eigen values, cumulative contribution rate of three significant principal components and 
the coefficients for each morphological and environmental variable of populations of 
Sarcocornia   tegetaria.  
 
Eigenvector                 PC1     PC2     PC3      
Plant height               -0.283   0.311   0.032    
Segment length         -0.133   0.252   0.788   
Segment thickness     0.046   0.470   0.286 
Moisture content       0.451  -0.118  -0.035 
Organic content         0.482  -0.007   0.011   
Redox                           0.045   0.553  -0.353   
pH                                -0.441  -0.232  -0.047   
EC                                -0.405  -0.351   0.060   
Temp                           0.322  -0.349   0.405    
Eigen value                3.6772  2.3789  1.0400  
Cumulative                 0.409   0.673   0.788   
 
Table 4.1.15: Spearman correlation analysis for the relationships between morphological characters and 
environmental factors within populations of S. tegetaria.  
 
Character/environmental variable Plant height Segment length Segment thickness 
Segment length 0.274** 
  Segment thickness 0.186 0.335*** 
 Moisture content (%) -0.534*** -0.278** -0.008 
Organic content (%) -0.408*** -0.207* 0.060 
Redox (mV)  0.289 0.091 0.464*** 
pH 0.234* 0.052 -0.238** 
EC (mS.cm-1)  0.149 0.028 -0.339*** 
Temp (°C) -0.440*** 0.118 -0.214* 
         Significant level: *P<0.05; **P< 0.01; ***P<0.001 
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4.1.6.Spartina maritima (Curtis) Fernald 
 
Spartina maritima plants were significantly different in height across sites (H= 93.509, P< 0.001, d.f. = 
6) (Table 4.1.16). Plants in the population in the upper reaches of the Swartkops Estuary were 
significantly shorter compared to those at all other sites (SWU= 27.28 cm, 0.82 ± SE, P< 0.001) except 
the SWL population (SWL= 33.56 cm, 0.88 ± SE, P> 0.05). The KNU population had significantly taller 
plants than most sites (KNU= 53.62 cm, 1.89± SE, P< 0.001) except for the population in the middle 
reaches of the Knysna and Swartkops Estuary (KNM= 39.33 cm, 2.13 ± SE; SWM= 47.32 cm, 0.73 ± SE, 
P> 0.05). Plant height showed a mean  variation of 12.58 % and ranged from 8.32 % (SWM) to 20.09 
% (KNM). Leaf width of S. maritima were also significantly different between sites (H= 47.293, P < 
0.001, d.f. = 5). In the Knysna Estuary leaf width was significantly greater in the upper reaches 
compared to the lower reaches (KNL= 4.48 mm, 0.13 ± SE; KNU= 5.49 mm, 0.19 ± SE, P< 0.01). In the 
Swartkops Estuary leaf width was significantly greater in the middle reaches compared to the lower 
reaches (SWM= 4.60 mm, 0.11 ± SE; SWL= 3.98 mm, 0.11 ± SE, P< 0.05). Leaf width showed little 
variation between sites (6.87%). Variation was greater in the Knysna Estuary and ranged from 12.81 
% (KNL) to 15.63 % (KNU) compared to Swartkops Estuary where leaf width were more homogenous 
(CV ranged from 8.76 % (SWL) to 11.3 % (SWM)). Cluster analysis of plant height and leaf width of S. 
martima seperated six populations into two groups consisting of three clusters (Figure 4.1.5). The 
first group had the KNL, SWU, SWM and SWL populations while the second group only had the KNM 
and KNU populations. Within the first group the first cluster was formed by the KNL and SWU ( 99.98 
% similarity) populations which were further joined by the SWM population resulting in an overal 
within group similarity of 94.86 %. The SWL population stood alone, and was 79.09 % similar to the 
KNL-KNU-SWU group to which it was associated. In the second group the KNM and KNM populations 
formed a cluster with 94.26 % similarity. Within all clusters plant height was the most variable 
character (Grand Centroid= 39.08) compared to leaf width (Grand Centroid= 4.63). 
 
Three principal components which explained 64.3 % of the total variation of morphological and 
environmental factors was determined (Table 4.1.17). In the first PC (44.1 %) the most of the 
variation was related to high loadings of temperature. In the second PC (22.6 %) most of the variation 
was caused by redox potential and electrical conductivity. The third PC (13.6 %) described variation in 
related to plant height, leaf width and organic content. The first two principal components reflect the 
variation in environmental factors while the third principal component reflects variation in 
morphological characters in populations of Spartina maritima. Correlation analysis of morphological 
characters revealed a significantly positive relationship between plant height and leaf width (Table 
4.1.18). Plant height correlated significantly negatively with sediment moisture content, organic 
128 
 
content, redox potential, and pH, and significantly positively with temperature. Leaf width showed a 
significantly negative relationship with moisture content, organic content, redox potential and pH. 
Temperature correlated significantly positive with leaf width. 
 
 
Table 4.1.16: Variation (Mean, Coefficient of Variance, Standard Error) of plant height (cm) and leaf width 
(mm) within and among different populations of S. maritima at different estuarine sites. KN= 
knysna Estuary, SW= Swartkops Estuary, KW= Kowie Estuary; L= lower reaches, M= middle 
reaches, U= upper reaches. 
 
Character Site Mean S.E. C.V. % Valid N 
Plants height (cm) 
KNL 33.35 1.21 
16.28 
20 
  
  
  
  
  
  
KNM 
47.32 2.13 
20.09 
20 
KNU 
53.62 1.89 
15.76 
20 
SWU 
27.28 0.82 
13.46 
20 
SWM 
39.33 0.73 
8.32 
20 
SWL 
33.56 0.88 
11.73 
20 
KWM 
35.25 1.11 
19.97 
40 
Leaf width (mm) KNL 
4.48 0.13 
12.81 
20 
  
  
  
  
  
KNM 
5.00 0.16 
14.33 
20 
KNU 
5.49 0.19 
15.63 
20 
SWL 
3.98 0.08 
8.76 
20 
SWM 
4.60 0.11 
11.13 
20 
SWU 
4.21 0.10 
10.94 
20 
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Figure 4.1.5: Hierarchical classification using complete linkage squared Euclidean distance of two 
morphological characters of populations of S. maritima at different estuarine sites. 
 
Table 4.1.17: The Eigen values, cumulative contribution rate of three significant principal components and 
the coefficients for each morphological and environmental variable of populations of Spartina 
maritima. Variables with high loadings on each of the principal components are indicated 
boldfaced.  
 
Eigenvector                      PC1     PC2     PC3  
Plant height                    0.314  -0.056   0.485   
Leaf width                       0.301   0.060   0.602  
Moisture content          -0.316  -0.509  -0.104    
Organic  content          -0.446  -0.147   0.455  
Redox                              -0.302   0.546   0.249   
pH                                    -0.396   0.313   0.151    
EC                                     0.153   0.561  -0.314    
Temp                               0.491  -0.048   0.039   
Eigen value                   3.5301  1.8041  1.0911  
Cumulative                    0.441   0.667   0.803    
 
Table 4.1.18: Spearman correlation analysis for the relationships between morphological characters and 
environmental factors within populations of Spartina maritima. 
 
Character/environmental variable Plant height Leaf width            
Leaf width            0.428*** 
 Moisture content (%) -0.247** -0.379*** 
Organic content (%) -0.224* -0.222* 
Redox (mV)  -0.322*** -0.151 
pH -0.288*** -0.303*** 
EC (mS.cm-1)  0.11 0.084 
Temp (°C) 0.526*** 0.470*** 
Significant level: *P<0.05; **P< 0.01; ***P<0.001 
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4.1.7.Sporobolus virginicus (L.) Kunth 
 
Plant heights of S. virginicus were significantly different between sites (H= 119.579, P< 0.001, d.f. = 7) 
(Table 4.1.19). Plant heights in temporarily open/ closed estuaries were different from those of 
permanently open estuaries. Plants in the lower reaches of the East Kleinemonde Estuary were 
significantly shorter compared to those at all other sites (EKL= 18.30 cm, 0.58 ± SE, P< 0.05) except 
the KNU population (KNU = 25.40 cm, 2.23 ± SE, P> 0.05). Plants sampled in the intertidal zone of the 
Great Brak Estuary were significantly taller than all other sites (GBL1= 93.90 cm, P< 0.001). Plant 
height showed great variation between sites (CV = 30.18 %) and coefficients of variation ranged from 
15.83% (EKL) to 46.01 % (GBL1_intertidal). 
The PCA resolved three principal components (PC) which explained 65.92 % of the total variance 
(Table 4.1.20). PC1 contributed most of the variation (44.5 %) which was mostly as a result of pH. In 
the second PC (35.5 %) redox potential and temperature were most important.  The third PC (13.7 %) 
was related to the variation in plant height. 
Plant height of Sporobolus virginicus showed no significant correlations with any environmental 
factors (Table 4.1.21). There were weak negative correlations with moisture content, organic 
content, redox potential, and temperature while there were weak positive correlations with 
sediment electrical conductivity and pH.   
 
Table 4.1.19: Variation (Mean, Coefficient of Variance, Standard Error) of plant height (cm) within and among 
different populations of S. virginicus at different estuarine sites. GB= Great Brak, EK= East 
Kleinemonde, KKN= knysna Estuary, SW= Swartkops Estuary, KW= Kowie Estuary; L= lower 
reaches, M= middle reaches, U= upper reaches; 1= transect one. 
 
Site Mean S.E. C.V. % Valid N 
EKL 18.30 0.58 15.83 25 
GBL1_intertidal 93.90 7.76 46.01 31 
GBL1_supratidal 36.97 1.99 29.98 31 
KNL 32.68 2.17 29.68 20 
KNM 30.69 1.93 28.07 20 
KNU 25.40 2.23 39.26 20 
KWM 36.64 1.53 22.42 29 
SWL 32.59 3.01 41.37 20 
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Table 4.1.20: The Eigen values, cumulative contribution rate of three significant principal components and 
the coefficients for each morphological and environmental variable of populations of Sporobolus 
virginicus. Variables with high loadings on each of the principal components are indicated 
boldfaced.  
 
 
Eigenvector                          PC1     PC2     PC3    
plant height                        0.095  -0.175 -0.956    
Moisture content             -0.535  -0.010   0.058    
Organic content               -0.436   0.392  -0.134   
Redox                                  0.170   0.600  -0.108   
pH                                        0.540  -0.161   0.039   
EC                                        -0.427  -0.234  -0.179   
Temp                                   0.111   0.612  -0.140   
Eigen value                       3.1452  2.4877  0.9585   
Cumulative                        0.449   0.805   0.942  
 
 
Table 4.1.21: Spearman correlation analysis for the relationships between morphological characters and 
environmental factors within populations of Sporobolus virginicus.  
 
Character/environmental variable Plant height 
Moisture content (%) -0.167 
Organic content (%) -0.186 
Redox (mV)  -0.118 
pH 0.18 
EC (mS.cm-1)  0.068 
Temp (°C) -0.121 
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4.1.8. Triglochin striata Ruiz & Pav. 
Plant height of T. Striata was significantly different between sites (H= 120.460, P< 0.001, d.f. = 10) 
(Table 4.1.22). Plants of the GBL2 population were  significantly taller than all populations in the 
Knysna Estuary (GBL2= 26.2 cm, 1.14 ± SE; KNL= 17.2 cm, 0.55 ± SE; KNM= 17.1 cm, 0.73± SE;  KNU= 
17.9 cm, 0.66 ± SE, P < 0.001), the SWM population (SWM= 15.5 cm, 0.40 ± SE P< 0.001) and the 
WCM and WCU populations (WCM= 16.48 cm, 0.63 ± SE; WCU= 18.7 cm, 0.73 ± SE, P< 0.001). Plants 
in the lower reaches of the Swartkops Estuary were significantly taller than populations in the Knysna 
Estuary (SWL= 23.0 cm, P< 0.01). Plants in the lower reaches of the Ngqusi Estuary were significantly 
taller than those in other sites in the estuary (P< 0.01). Variation of plant height ranged from 8.70 % 
(SWL) to 22.2 % (GBL2). In the Knysna Estuary variation in plant height ranged from 14.8 % (KNL) to 
19.9 % (KNL). This variation was greater compared to all that in other estuaries. Leaf width of T. 
striata was significantly different across all sites. (H= 125.617, P< 0.001, d.f. = 9). Leaves of plants in 
the lower and middle reaches of the Knysna Estuary were significantly thinner than those of all other 
sites (P< 0.001) except those in the middle and upper reaches of the Ngqusi Estuary (P> 0.05).  
Cluster analysis was used to reveal the association between populations (Figure 4.1.6). Ten 
populations of Triglochin striata were separated into three groups consisting of five clusters. The 
Populations KNL, KNM, WCM and SWM formed the first group while the KNU, WCU, KWL and SWU 
populations formed the second group. A third group was formed by SWL and WCL populations. All 
clusters showed high within cluster similarity. The first cluster was formed by the KNL, KNM, WCM 
population with a within cluster similarity of 99.9 %. The SWM populations formed a separate cluster 
which combined with the former to form the first group with a similarity level of 88.3%. Populations 
KNU and WCU formed the third cluster (95.8 % level of similarity) followed by the forth cluster that 
consisted of the KWL and SWU populations (99.9 % level of similarity). The fifth cluster consisted of 
SWL and WCL populations (within cluster level of similarity = 97. 1 %). Plant height was the most 
variable character (Grand centroid value for all clusters= 19.17%) compared to leaf width (Grand 
centroid value = 2.10). The PCA resolved three principal components (PC) which explained 73.31 % of 
the total variance (Table 4.1.23). PC1 contributed most of the variation (51%) which was mostly 
attributed to redox potential, plant height and leaf width. In the second PC (28.8%) redox potential 
was most important.  The third PC (12.3%) was related to the variation attributed by plant height, 
leaf width and temperature.   
Plant height of Triglochin striata was significantly positively correlated with leaf width, redox 
potential, and pH (Table 4.1.24). There were significantly negative correlations between plant height 
and moisture content, organic content and temperature. Leaf width showed significantly positive 
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correlations with redox potential, pH and electrical conductivity. There were significantly negative 
correlations between moisture content, organic content and temperature.  
 
 Table 4.1.22: Variation (Mean, Coefficient of Variance, Standard Error) of plant height (cm) and leaf width 
(mm) within and among different populations of T. striata at different estuarine sites. GB = Great 
Brak Estuary; KN= knysna Estuary; SW= Swartkops Estuary, KW= Kowie Estuary, WC= Ngqusi 
Estuary; L= lower reaches, M= middle reaches, U= upper reaches; 2= transect two. 
 
Character Site 
Mean S.E. C.V. % Valid N 
Plant height (cm) GBL2 26.2 1.14 22.2 26 
  
  
  
  
  
  
  
  
  
  
KNL 17.2 0.55 14.8 21 
KNM 17.1 0.73 19.9 22 
KNU 17.9 0.66 17.3 22 
KWL 20.9 0.66 14.2 20 
SWL 23.0 0.45 8.7 20 
SWM 15.5 0.40 11.4 20 
SWU 20.6 0.59 12.7 20 
WCL 24.2 1.07 19.9 20 
WCM 16.5 0.63 17.2 20 
WCU 18.7 0.73 17.3 20 
Leaf thickness (mm) KNL 1.9 0.66 163.1 21 
  
  
  
  
  
  
  
  
  
KNM 2.1 0.72 159.1 22 
KNU 2.4 0.80 159.1 22 
KWL 2.5 0.12 21.7 20 
SWL 2.3 0.06 12.0 20 
SWM 2.2 0.06 12.0 20 
SWU 2.6 0.09 15.2 20 
WCL 2.2 0.07 15.1 20 
WCM 1.8 0.09 21.9 20 
WCU 1.1 0.05 21.7 20 
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Figure 4.1.6: Hierarchical classification using complete linkage squared Euclidean distance of two 
morphological characters of populations of T. striata at different estuarine sites. 
 
Table 4.1.23: The Eigen values, cumulative contribution rate of three significant principal components and 
the coefficients for each morphological and environmental variable of populations of Triglochin 
striata. Variables with high loadings on each of the principal components are indicated 
boldfaced.  
 
Eigenvector                PC1     PC2     PC3    
Plant height               0.334  -0.200   0.612   
Leaf width                 0.331  -0.358   0.395  
Moisture content   -0.449  -0.185   0.204  
Organic content      -0.433  -0.081   0.388   
Redox                         0.378   0.325   0.284   
pH                               0.465   0.046  -0.289  
EC                               -0.031  -0.620  -0.141   
Temp                          -0.176   0.547   0.305    
Eigen value                4.0713  2.3038  0.9581  
Cumulative                0.509   0.797   0.917  
 
 
Table 4.1.24: Spearman correlation analysis for the relationships between morphological characters and 
environmental factors within populations of Triglochin striata.  
 
Character/environmental variable Plant height Leaf width            
Leaf width            0.764*** 
 Moisture content (%) -0.408*** -0.377*** 
Organic content (%) -0.345*** -0.384*** 
Redox (mV)  0.481*** 0.344*** 
pH 0.448*** 0.463*** 
EC (mS.cm-1)  0.154 0.407*** 
Temp (°C) -0.315*** -0.541*** 
Significant level: *P<0.05; **P< 0.01; ***P<0.001 
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4.1.9.Triglochin elongate Buchenau 
All characters of Triglochin elongata were significantly different between the two adjacent estuaries 
(East Kleinemonde and Kowie) (P<0.001) (Table 4.1.25).  Plant height, raceme height and leaf 
thickness were significantly taller in the Kowie estuary. In the Kowie Estuary leaf thickness showed 
the greatest variation.      
 
Table 4.1.25.: Variation (Mean, Coefficient of Variance, Standard Error) of plant height (cm), raceme height 
and leaf width (mm) within and among different populations of T. elongata at different 
estuarine sites. EK= East Kleinemonde Estuary, KW= Kowie Estuary, L= lower reaches, M= middle 
reaches, U= upper reaches. 
 
Character Site Mean  S.E. C.V. % Valid N 
Plant Height (cm) EKL 19.90 0.63 16.88 28 
  KWL 44.03 1.86 23.12 30 
Raceme height (cm) EKL 25.80 1.27 26.13 28 
  KWL 53.86 2.81 28.54 30 
leaf thickness (mm) EKL 1.44 0.07 26.77 28 
  KWL 3.66 1.19 178.52 30 
 
 
 
4.2.1. Updating the Estuarine Botanical Database (2009-2011) 
The Estuarine Botanical Database species list (2007) initially had 84 species occurring in 
approximately 270 estuaries (Table 2.4.1, Appendix B). Results from the recent update shows the 
total number of species, including intraspecific taxa and macroalgae, is 242 macrophyte species. The 
first update (2009) of the database showed the greatest increase in species numbers from the initial 
84 species to 228. The Gwaing Estuary had the greatest increase in species richness (1300%) from 
one single species Juncus kraussii to 14 mostly supratidal species such as Cynodon dactylon, 
Sporobolus virginicus and Stenotaphrum secundatum as well as reeds and sedges including Ficinia 
lateralis, Isolepis cernua and  Phragmites australis. This was followed by the Kaaimans Estuary that 
had a percentage increase in species of 800 % from one species, Bassia diffusa to nine species 
including Conyza scabrida, Cotula coronopifolia, C. dactylon, Cyperus laevigatus, Disphyma 
crassifolium, Samolus porosus, S. virginicus and S. secundatum.  This was followed by the Uilkraals 
Estuary with a percentage increase of 253 % from 17 to 60 species. This estuary has several unique 
species such as Apium prostratum, Bromus pectinatus, Carex clavata, Carex ecklonii, Crassula 
glomerata, Cotula turbinate, Dischisma arenarium, Elegia stipularis and Ficinia pygmaea.   The Berg 
Estuary that had the highest increase in species number of 54 (235 %) from 23 to 77 species followed 
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by the Olifants Estuary that had a 176 % increase from 17 to 47 species. The Blinde and Klein Brak 
estuaries had the lowest number species added; two and four for the respective estuaries.  
From February 2010 to June 2011 there was only a single taxon added to the database. This was the 
results of the split of Sarcocornia natalensis (Bunge ex. Ung-Sternb.) A.J.Scott into the subspecies 
subsp. natalensis and subsp. affinis (Moss) S. Steffen, Mucina & G. Kadereit. The estuaries 
investigated during this period were Ngqusi, Keiskamma, East Kleinemonde, Kowie, Swartkops, 
Knysna and Great Brak estuaries.   In all estuaries there was an increase in the number of species 
with the Ngqusi/Inxaxo   having an increase of 41 species. Initially there were 17 species in this 
estuary. This is followed by the East Kleinemonde Estuary with an increase of 17 species from 19 to 
36 species, and the Kowie Estuary that increased from 17 to 28 with the addition of 11 taxa. Smaller 
increases occurred in the Great Brak, Knysna, Swartkops and Keiskamma estuaries with the addition 
of one, six, three and three species, respectively. None the less these estuaries all had comparatively 
high species richness: Great Brak (22), Keiskamma (25), Knysna (34) and Swartkops (34).   
There was little change in the number of estuaries in the update of the former- Transkei estuaries. 
Most estuaries only had the addition of one to three species such as Halophila ovalis (R. Brown) J. D 
Hooker, J. kraussii and P. australis. . This includes Blind, Buffalo,  Conge, Cwili, Gxulu ,Haga-haga, 
Hickmans, Hlaze, Hlozi, Lilyvale, Mcantsi, Mlele, Morgan, Mtendwe, Mvubukazi, Nahoon, Ncera, 
Ngqenga, Ngqwara, Nyara, Qinira and Quko estuaries that only increased by one to four species with 
the Cefane and Cintsa estuaries  increasing by five species.  In the Cebe Estuary the number of species 
remained unchanged with 10 species. These estuaries also have relatively lower species richness 
compared to all other systems included in this update.    The lowest species richness was recorded 
for the Cunge Estuary with one species while the Nahoon Estuary had a species richness of 16.  
After the addition of the data for the St Lucia Estuary the number of taxa increased from 230 to 242. 
This was due to the addition of the 16 St Lucia taxa. Species richness for St Lucia Estuary increased 
from 18 to 34. The number of taxa also increased in the Mbashe and Mbhanyana estuaries. In both 
systems there was an increase of four species (Mbashe= Cladophora glomerata (Linnaeus) Kützing, 
Iyengaria stellata (Børgesen) Børgesen, Sarcocornia natalensis and Sargassum heterophyllum 
C.Agardh; Mbhanyana= Chenopodium album, Cotula coronopifolia, S. natalensis, Rhizoclonium 
riparium (Roth) Harvey).  The Mbashe Estuary had greatest greater species richness of 19 compared 
to the Mbhanyana with 14 species.  
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Table 4.2.1.: Change in the number of species in the Estuarine Botanical Database from 2007-2011. 
 
 
 Estuary 2007 2009-Nov 2010-Feb 2010-Jul 2011-Jun 2011-Aug 2011-Nov 
Berg (Groot) 17 77 77 77 77 77 77 
Bira 18 18 18 18 18 18 18 
Blind 1 1 1 1 2 2 2 
Blinde 7 10 10 10 10 10 10 
Buffalo 1 1 1 1 2 2 2 
Bulura 0 0 0 0 6 6 6 
Cebe 10 10 10 10 10 10 10 
Cefane 0 0 0 0 6 6 6 
Cintsa 1 1 1 1 6 6 6 
Cunge 0 0 0 0 1 1 1 
Cwili 0 0 0 0 3 3 3 
East Kleinemonde  19 19 36 36 36 36 36 
Gqunube 7 7 7 7 11 11 11 
Great Brak 13 21 21 21 22 22 22 
Gwaing 1 14 14 14 14 14 14 
Gxulu 1 1 1 1 5 5 5 
Haga-haga 1 1 1 1 4 4 4 
Hickmans 1 1 1 1 4 4 4 
Hlaze 1 1 1 1 3 3 3 
Hlozi 0 0 0 0 1 1 1 
Kaaimans 1 9 9 9 9 9 9 
Keiskamma 22 22 22 22 25 25 25 
Klein Brak 10 21 21 21 21 21 21 
Knysna 28 28 28 34 34 34 34 
Kowie 17 17 17 28 28 28 28 
Kwelera 1 1 1 1 10 10 10 
Lilyvale 0 0 0 0 1 1 1 
Mbashe 15 15 15 15 15 15 19 
Mbhanyana 10 10 10 10 10 10 14 
Mcantsi 0 0 0 0 3 3 3 
Mlele 0 0 0 0 3 3 3 
Morgan 0 0 0 0 4 4 4 
Mtendwe 1 1 1 1 3 3 3 
Mtentu 11 1 11 11 12 12 12 
Mtentweni 4 4 4 4 6 6 6 
Mvubukazi 2 2 2 2 4 4 4 
Nahoon 12 12 12 12 16 16 16 
Ncera 0 0 0 0 5 5 5 
Ngqenga 1 1 1 1 3 3 3 
Ngqusi/Inxaxo 17 17 41 41 41 41 41 
Ngqwara 7 7 7 7 10 10 10 
Nyara 2 2 2 2 5 5 5 
Olifants 23 47 47 47 47 47 47 
Qinira 8 8 8 8 10 10 10 
Quko 9 9 9 9 13 13 13 
St Lucia 18 18 18 18 18 18 34 
Sundays 15 27 27 27 27 27 28 
Swartkops 31 31 31 34 34 34 34 
Uilkraals 17 60 60 60 60 60 60 
Estuary 84 228 228 228 229 230 242 
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Macrophyte species richness is different in the different estuary habitats (Figure 4.2.1, Appendix B). The highest species richness was in the supratidal salt 
marsh (70). This was followed by the supratidal fringe community with taxon richness (including genera and subspecies) of 48. Taxon richness was lower in 
the reeds and sedge community (30) but is higher compared to the intertidal salt marsh (25). A steep decrease was found in the mangrove (8) and swamp 
(9) forest. The lowest richness occurred in the submerged macrophytes community.  
 
   Figure 4.2.1: Species distribution in different estuarine habitats 
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Change in species names  
A total number of 16 species renamed in the course of the study (Table 2.4.2). Most changes occurred in the family Cyperaceae followed by 
Chenopodiaceae. The result of name changes was mainly due to taxonomic revision but also due to errors in the initial database.    
Table 4.4.2: Changes in macrophyte species names. 
 
Macrophyte species  Old name Common name Family  Habitat 
Bassia diffusa (Thunb.) Kuntze Chenolea diffusa Thunb. Soutbossie Chenopodiaceae Intertidal salt marsh 
Elegia tectorum (L.f.) Moline & H.P.Linder   Chondropetalum tectorum (L.f.) Raf. Cape Thatching Reed,  Dakriet  Restionaceae Reeds and sedges 
Conyza scabrida DC. Conyza ivaefolia(L.) (Less.) oondbos, bakbos, paddabos (A) Asteraceae Supratidal fringe 
Ulva intestinalis L. Enteromorpha intestinalis L.Nees Green sea intestines Ulvaceae Channel 
Cyperus laevigatus L. Juncellus laevigatus (L.) C.B.Clarke Smooth flatsedge Cyperaceae Reeds and sedges 
Cyperus thunbergii Vhal Mariscus thunbergii (Vahl.) Schrad Umbrella-sedge Cyperaceae Reeds and sedges 
Stuckenia pectinata (L.) Boerner  Potamogeton pectinatus L. 
 
Potamogetonaceae Submerged macrophytes  
Sarcocornia natalensis (Bunge ex. Ung-Sternb.) A.J.Scott subsp. 
natalensis 
Sarcocornia natalensis (Bunge ex. 
Ung-Sternb.) A.J.Scott Samphire, glasswort, saltwort Chenopodiaceae Intertidal salt marsh 
Sarcocornia natalensis (Bunge ex. Ung-Sternb.) A.J.Scott subsp. 
affinis (Moss) S. Steffen, Mucina & G. Kadereit 
Sarcocornia natalensis (Bunge ex. 
Ung-Sternb.) A.J.Scott Samphire, glasswort, saltwort Chenopodiaceae Intertidal salt marsh 
Sarcocornia tegetariaS. Steffen, Mucina & G. Kadereit Sarcocornia perennis(Mill.) A.J. Scott  Samphire, glasswort, saltwort Chenopodiaceae Intertidal salt marsh 
Schoenoplectus  tabernaemontani (C.C. Gmel.) Palla Schoenoplectus lactustris L. softstem bulrush Cyperaceae Reeds and sedges 
Bolboschoenus maritimus (L.) Palla Scirpus maritimus L.  Snygras, snyruigte, sea club rush Cyperaceae Reeds and sedges 
Ficinia nodosa (Vahl) Kunth Scirpus nodosusRottb. Triangular club rush Cyperaceae Reeds and sedges 
Schoenoplectus  triqueter f. Oppei (Weihe) Soό Scirpus triqueter L. Triangular club rush Cyperaceae Reeds and sedges 
Triglochin buchenaui Ko¨cke, Mering & Kadereit Triglochin bulbosa L.  Arrow grass Juncaginaceae Intertidal salt marsh 
Zannichellia palustris L. Zannichellia aschersoniana Graebner Horned pond weed Zannichelliaceae Submerged macrophytes 
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4.2.2.Using the Estuarine Botanical Database to determine species diversity in different estuary 
types and biogeographic regions  
All Estuaries  
Correspondence Analysis of all estuaries (as samples) and species shows that Subtropical estuaries 
are dissimilar from Cool and Warm temperate estuaries (Figure 4.2). Individual species and estuaries 
in the Subtropical zone  also show great dissimilarity with each other compared to those in the Cool 
and Warm temperate estuaries. Species dominant in the subtropical estuaries are Acrostichum 
aureum, Barringtonia racemosa, Ceriops tagal (Perr.) C.B.Rob., Hibiscus tiliaceus, Bruguiera 
gymnorrhiza, Rhizophora mucronata and Strelizia nicolai Regel & Koern.   
The St Lucia Estuary is an outlier with some  unique species for example Andropogon eucomus Nees, 
Dissotis princeps (Kunth) Triana var. princeps, Hyparrhenia dissoluta (Nees ex Steud.) C.E. Hubb, 
Indigofera jucunda Schrire, Isolepis natans (Thunb.) A.Dietr., Pycreus nitidus (Lam.) J. Raynal, 
Schoenoplectus corymbosus (Roem. & Schult.) J. Raynal, Romulea aquatica G.J. Lewis, Persicaria 
senegalensis (Meisn.) Soják f. The domain comprising of the Warm temperate and Cool temperate 
estuaries show close similarities with each other with the Groen and Ngqusi/Inxaxo estuaries being 
the most dissimilar in species composition such as Ruschia tenella Schwantes and Schoenoplectus 
scirpoideus (Schrad.) Browning.   
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Figure 4.2: CA (Correspondence Analysis) biplot of species and estuaries (as samples) of South African 
estuaries. Yellow circles= estuaries, blue circles= species. Total Inertia (mean squared contingency 
coefficient) =7.226. Eigenvalues for unconstrained axes: CA1 = 0.4859, CA2= 0.3306. (An initial plot 
showed that the Berg (Groot), Olifants, and Uilkraals estuaries constrained all the data and were 
subsequently removed in order to adequately represent species distribution.   
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Alpha diversity  
The Shannon diversity index showed that greater species diversity was found in the Berg (Groot) 
Estuary (4.220) and the Uilkraals Estuary (4.025) (Table 4.4.3). The table below shows the 35 systems 
with an index above 2.500. 
Table 4.4.3: Shannon diversity indices for South African salt marshes.  
   
 
Estuary H' 
1 Berg (Groot)  4.220 
2 Uilkraals  4.025 
3 Olifants  3.714 
4 St Lucia  3.738 
5 Knysna  3.332 
6 Swartkops 3.178 
7 Klein 3.045 
8 Keiskamma  2.996 
9 Klein Brak  2.944 
10 Groot Brak  2.833 
11 Mpekweni 2.833 
12 Mngazana   2.833 
13 Great Fish  2.773 
14 Keurbooms  2.773 
15 Ngqusi/Inxaxo 2.773 
16 East Kleinemonde     2.773 
17 Wildevoëlvlei   2.773 
18 Groot Wes    2.773 
19 Bot/Kleinmond   2.708 
20 Kariega     2.708 
21 Hartenbos  2.708 
22 Bilanhlolo    2.639 
23 Buffels Oos   2.639 
24 Gamtoos 2.639 
25 Mtati  2.639 
26 Krom Wes  2.639 
27 Kowie   2.639 
28 Kleinemond Wes  2.639 
29 Verlorenvlei  2.639 
30 Rietvlei/Diep 2.565 
31 Palmiet   2.565 
32 Langebaan 2.565 
33 Kosi     2.565 
34 Riet  2.565 
35 Swartvlei    2.565 
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Level of diversity across biogeographic regions 
CA biplots of estuarine bioregion and species showed that there is great dissimilarity of species 
between regions (Figure 4.3). Each of the bioregions appears to form its own domain with species 
characteristic of each zone. Species associated with the Cool temperate zone are Frankenia capitata 
Webb & Berthel., Galenia sarcophylla Fenzl, Limonium depauperatum (Boiss) R.A. Dyer, 
Mesembryanthemum nodiflorum, Micranthus junceus (Baker) N.E.Br., Moquiniella rubra (A.Spreng.) 
Balle, Moraea lewisiae (Goldblatt) Goldblatt, Nylandtia spinosa (L.) Dumort., Odyssea paucinervis 
(Nees) Stapf, Oncosiphon suffruticosum(L.) Källersjö, Paspalum distichum L., Persicaria lapathifolia 
(L.) Gray, Polygonum aviculare L., Pteronia glabrata DC, Ruschia glauca L.Bolus, Ruschia tenella, 
Ruschia subpaniculata L. Bolus, Salicornia uniflora Toelken, Salsola aphylla Spreng., Senecio sarcoides 
C.Jeffrey, Senecio burchellii DC., Trachyandra divaricata (Jacq.) Kunth, Vanzijlia annulata (A.Berger) 
L.Bolus, Xanthium strumarium L.  
Species associated with the Subtropical zone are those found in the St Lucia system as well as Apium 
prostratum Vent. Bromus pectinatus Thunb., Carex clavata Thunb., Carex ecklonii Nees., Ceriops 
tagal, Cotula turbinata L., Dischisma arenarium E. Mey, Elegia stipularis Mast, Ficinia pygmaea 
Boeck., Galium capense Thunb., Isolepis verrucolsa (Steud.) Nees, Juncus scabrisculus Kunth, Lolium 
rigidum Guadin, Lumnitzera racemosa Wild., Parapholis incurva (L.) C.E. Hubb, Puccinella angusta 
(Nees) C. Presl., Romulea tabularis Eckl. Ex Beg, Ruschia lineolata (Haw.) Schwantes, Senecio elegans 
L., Tribolium hispidum (thunb.) Desv. and  Zaluzianskya villosa (Thunb.) F.W. Schmidt. The Warm 
temperate zone is associated with species such as Ficinia lateralis (Vahl) Kunth, Isolepis cernua (Vahl) 
Roem. & Schult., Poeciolepis ficoidea (DC.) Grau,  Crassula glomurata P. J.Bergius, Stilophora 
flanaganii Kylin, Limonium kraussianum.    
CA also showed that some species are not associated with a particular bioregion. Species that were 
common in the both Warm temperate and Subtropical zones are Atriplex vestita, Avicennia marina, 
Bruguiera gymnorrhiza., Cerastium capense Sond., Halophila ovalis, Juncus littoralis C.A.Mey., 
Cyperus thunbergii Vhal, Rhizophora mucronata, Schoenoplectus  triqueter f. Oppei (Weihe) So, 
Spergularia rubra ,Barringtonia racemosa. and Strelitzia nicolai Regel & Körn. Species shared 
between the Warm and Cool temperate zones were Carpobrotus edulis, Centella asiatica (L.) Urb., 
Eleocharis limosa (Schrad.) Schult., Orpheum frutescens (L.) E.Mey., Salsola kali  (Pallas) Mosyakin, 
Schoenoplectus scirpoideus , Polypogon monspliensis (L.) Desf.  
Species shared between all three regions were Conyza scabrida, Cotula coronopifolia, Cotula filifolia, 
Cynodon dactylon, Disphyma crassifolium, Galenia secunda, Cyperus laevigatus, Juncus acutus, 
Juncus kraussii, Limonium linifolium , Limonium scabrum, Phragmites australis, Plantago crassifolia  , 
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Stuckenia pectinata, Pycreus polystachyos, Ruppia cirrhosa, Ruppia maritima, Samolus porosus, 
Sarcocornia spp., Salicornia meyeriana, Ficinia nodosa, Scirpus littoralis, Spartinia maritima, 
Sporobolus virginicus Kunth, Stenotaphrum secundatum, Bolboschoenus maritimus, Crassula 
expansa, Cyperus textilis, Zostera capensis, Zannichellia aschersoniana, Triglochin striata and 
Triglochin bulbosa.    
 
 
Figure 4.3: CA (Correspondence Analysis) biplot of species and estuarine biogeographical regions of South 
African estuaries. Blue circles= species. Total Inertia (mean squared contingency coefficient) 
=0.8141. Eigenvalues for unconstrained axes: CA1 = 0.5129, CA2= 0.3012.   
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Species diversity across biogeographical zones 
The Cool temperate bioregion was the most diverse in the number of taxa (58) with the highest 
Shannon index (4.736) (Table 4.4.4.). This was followed by the Subtropical bioregion with a taxon 
richness of 52 and diversity 4.744932 whereas the Warm temperate has the lowest taxon richness 
(11) and diversity (4.394).  
Table 4.4.4: Species richness and diversity (H’) of South African estuarine biogeographical regions.   
 
Bioregion No. Of taxa H' 
Cool temperate 58 4.736 
Subtropical 52 4.755 
Warm temperate 11 4.394 
 
 
Classification type  
Correspondence Analysis of the species composition of different estuary types showed that all 
estuary types and species showed great dissimilarity with each other (Figure 4.4).  However, 
Estuarine bays, River mouths and Modified permanently open estuaries showed closer similarity. 
These are types that had no or single unique species. Species associated with permanently open 
estuaries are those that occurred on the Berg (Groot) and Olifants estuaries and include 
Alternanthera sessilis (L.) DC., Atriplex cinerea Poir, Atriplex semibaccata R.Br., Carpobrotus 
acinaciformis (L.) L.Bol., Centella asiatica, Chenopodium album L., Delosperma crassum, Didelta 
carnosa Aiton, Drosanthemum delicatulum Schwantes, Drosanthemum diversifolium L.Bolus, 
Drosanthemum floribundum (Haw.) Schwantes, Drosanthemum parvifolium Schwantes, Ehrharta 
delicatula (Nees) Stapf, Ehrharta villosa Schult.f. var. villosa, Eichhornia crassipes (Mart.) Solms, 
Eragrostis curvula (Schrad.) Nees, Frankenia capitata Webb & Berthel. , Galenia sarcophylla Fenzl, 
Limonium depauperatum , Lolium multiflorum., Lepidium africanum (Burm.f.)DC., Leptochloa fusca 
(L.) Kunth, Lycium cinereum Krauss ex Dunal and Lycium tetrandrum Thunb.  
Species associated with estuarine lakes were mostly those found in the St Lucia system but also 
include Ceriops tagal and Lumnitzera racemosa. Species associated with temporarily open/ closed   
included Ficinia pygmaea, Ficinia lateralis, Eriocephalis capitellatus DC., Elegia stipularis Mast, 
Isolepis cernua, Isolepis verrucolsa, Juncus scabrisculus, Scirpoides nodosus, Sarcocornia littorea 
(Moss) A.J. Scott and Sarcocornia capensis (Moss) A.J. Scott.   
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Figure 4.4: CA (Correspondence Analysis) biplot of species and estuaries (as samples) of South African 
estuary types. Yellow circles= estuaries, blue circles= species. Total Inertia (mean squared 
contingency coefficient) =1.227. Eigenvalues for unconstrained axes: CA1=0.4221, CA2=0.2938.  
 
Level of diversity across different estuary types  
Permanently open estuaries were the most diverse in the number of unique taxa (56) with the 
highest Shannon index (4.866) (Table 4.4.5.). This was followed by the temporarily open/ closed 
estuaries with a taxon richness of 38 and diversity index of 4.754 whereas the estuarine lakes had a 
taxon richness of 21 and diversity 4.290. Estuarine bays had only one unique species. Estuaries 
classified as River mouths and Modified permanently open estuaries had no unique species.  
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Table 4.4.5: Species richness and diversity (H’) of South African estuarine types. 
 
Classification type No. of taxa H' 
Permanently open  56 4.866 
Temporarily open/ closed  38 4.754 
Estuarine lake  21 4.290 
Estuarine bay      1 3.648 
River mouth   0 2.944 
Modified permanently open  0 1.609 
 
4.2.3.Selection of species and construction of identification key 
Diagnostic features of INTKEY indicated that all species were distinguishable from each other (Table 
4.4.3). As DELTA character and item files are easily modified, the database can be expanded with 
minimal effort to include missing species, as they are collected. Plant was the best taxonomic 
character with a score of 3.93. Other characters that were also useful in identification are leaf 
arrangement (3.24), inflorescence type (2.72), horizontal disposition of the flower (2.40), number of 
stamens (2.36) and estuarine habitat (2.22). Characters that were least important in identification 
are flower colour and the character states of the inflorescence. The DELTA-formatted database for 
the salt marsh macrophytes of South Arica by contacting Dimitri Veldkornet 
(s206030355@live.nmmu.ac.za). The DELTA programs used in constructing and analyzing the 
database (the DELTA editor, CONFOR, DIST, etc.) and in using it for local interactive identification 
(INTKEY) can be obtained at http://biodiversity.uno.edu/delta/. Full description of taxa is presented 
in Appendix B.   
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Table 4.4.6:  Diagnostic descriptions of estuarine macrophytes 
 
Taxon  Diagnostic  description 
Acrostichum aureum L.  Flowering plant False.  
    
Atriplex vestita (Thunb.) Aellen  Plant height/length 60 to 80 cm.  
    
Avicennia marina (Forsk.) Vierh.  Root types aerial.  
  Stem sympodial.  
    
Bassia diffusa (Thunb.) Kuntze  Flowers petals fused.  
  Plant height/length 20 to 90 cm.  
    
Barringtonia racemosa (L.) Sprengel.  Flowers stamens forming a large central mass 3.5 cm in diameter.  
Bolboschoenus maritimus (L.) Palla  Leaves fascicled.  
  Growth form Hemicryptophyte.  
Bruguiera gymnorrhiza (L.) Lam.  Root types knee roots.  
  Stem black.  
Carpobrotus edulis (L.) L.Bolus  Leaves spirally.  
  Stem decumbent; or soboliferous.  
Conyza scabrida DC.  Leaves serrate.  
  Stem dichotomous.  
Cotula coronopifolia L.  Flowers anthers loosely joined around the style.  
  Plant height/length 20 to 30 cm.  
Cotula filifolia Thunb.  Plant height/length 5 to 20 cm.  
Crassula expansa [Soland.]  Plant height/length 10 to 40 cm.  
Cynodon dactylon (L.) Pers.  Plant height/length 10 to 60 cm.  
  Growth form Hemicryptophyte.  
Cyperus laevigatus L.  Plant height/length 20 to 70 cm.  
  Stem upright.  
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Taxon  Diagnostic  description 
Cyperus thunbergii Vhal  Leaves basal, slightly shorter than stem.  
  Plant height/length greater than 100 cm.  
Cyperus textilis Thunb.  Leaves whorled.  
  Plant height/length 80 to 100 cm; or greater than 100 cm.  
Disphyma crassifolium (L.) L. Bolus  Plant height/length 10 to 20 cm.  
Drosanthemum parvifolium Schwantes   Flowers numerous styles.  
  Plant height/length 20 to 30 cm.  
Ficinia nodosa (Rottb.) Goetgh. Muasya & 
D.A. Simpson  Plant height/length 20 to 100 cm or greater.  
Galenia secunda (L.f.) Sond.  Plant height/length 20 to 60 cm.  
  Stem white; or grey.  
Halophila ovalis (R. Brown) J. D Hooker  Leaves two-foliolate.  
Hibiscus tiliaceus L.  Seed (Testa) reniformed.  
  Stem supine.  
Juncus acutus L.  Flowers subtended by leaf-or-scale like bracts.  
  Growth form Hemicryptophyte.  
Juncus kraussii Hochst. subsp. kraussii   Leaves tightly pressed against the stem with shiny basal sheaths.  
Juncus littoralis C.A.Mey.  Plant height/length 50 to 100 cm.  
Limonium linifolium (L.f.) Kuntze  Flowers stamens united with the perianth.  
  Growth form Phanerophyte.  
  Leaves linear.  
Limonium scabrum (L.f.) Kuntze  Flowers stamens united with the perianth.  
  Leaves oblong; or obovate; or oblanceolate.  
Phragmites australis Cav.) Steud.  Seed (Testa) copious, silky hairs.  
  Leaves sheathing.  
Plantago crassifolia Forssk.  Plant height/length 20 to 30 cm.  
  Leaves terete.  
Rhizophora mucronata Lamarck ex Poiret  Stem reddish brown.  
  Growth form Phanerophyte.  
Table 4.4.6 continue 
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Taxon  Diagnostic  description 
Ruppia cirrhosa (Pentag.) Grande  Plant height/length 5 to 100 cm or greater.  
  Leaves linear with apex rounded.  
Ruppia maritima L.  Flowers no style, but a small peltate disc-like stigma.  
  Leaves linear with apex pointed.  
Salicornia meyeriana Moss  Growth form therophyte- annuals  
  Stem sympodial.  
Salsola kali (Pallas) Mosyakin  Plant height/length 40 to 90 cm.  
Samolus porosus (L.f.) Thunb.  Plant height/length 20 to 60 cm.  
  Growth from subshrub.  
Sarcocornia capensis (Moss) A.J. Scott  Plant height/length 20 to 60 cm.  
  Stem dichotomous.  
Sarcocornia decumbens (Toelken) A.J. Scott    
  Plant height/length 30 to 60 cm.  
Sarcocornia natalensis (Bunge ex. Ung-
Sternb.) A.J.Scott subsp. natalensis  Seed (Testa) verruculate, Plant height/length 20 to 30 cm.  Stems  11-20 mm 
long by 2-5 mm (fresh) wide.  
Sarcocornia natalensis (Bunge ex. Ung-
Sternb.) A.J.Scott subsp. affinis (Moss) S. 
Steffen, Mucina & G. Kadereit  
Stem dichotomous.  
Estuarine habitat Supratidal fringe.  
Sarcocornia tegetaria S. Steffen, Mucina & G. 
Kadereit  Plant height/length 30 to 40 cm.  
Sarcocornia pillansii (Moss) A.J.Scott  Plant height/length 60 to 70 cm.  
Sarcocornia mossiana (Tölken) A. J. Scott  Plant height/length 30 to 50 cm.  
  Growth form Phanerophyte.  
Schoenoplectus triqueter f. Oppei (Weihe) Soό  
  Stem greyish-green.  
  Plant height/length greater than 100 cm.  
Schoenoplectus scirpoideus (Schrad.) Browning  
  Leaves reduced to 2 or 3 greyish-brown sheaths that split into fibres.  
  Plant height/length greater than 100 cm.  
Scirpus littoralis Schrad  Plant height/length 40 to 100 cm or greater.  
Table 4.4.6 continue 
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Taxon  Diagnostic  description 
  Stem soboliferous.  
Spartinia maritima (Curtis) Fernald  Plant height/length 20 to 90 cm.  
  Leaves sheathing.  
Spergularia media (L.) C.Presl ex Griseb  Plant height/length 15 to 30 cm.  
Spergularia rubra (L.). J. Presl. C. Presl.  Plant height/length 5 to 25 cm.  
Sporobolus virginicus (L.) Kunth  Leaves strongly folded.  
  Inflorescence panicle.  
Stenotaphrum secundatum (H. Walter) Kuntze  
  Plant height/length 5 to 100 cm.  
Stuckenia pectinata (L.) Boerner  Leaves leaf sheaths wrapped around stem.  
  Plant height/length 20 to 90 cm.  
Triglochin buchenaui Ko¨cke, Mering & Kadereit  
  Plant height/length 5 to 30 cm.  
  Stem rhizomes whitish to beige with bracts.  
Triglochin elongata Buchenau  Plant height/length 10 to 90 cm.  
Triglochin striata Ruiz & Pav.  Salinty Range (ppt) 16-23.  
Typha capensis (Rohrb.) N.E.Br.  Flower in groups of two.  
  Stem green.  
Zannichellia palustris L.  Plant height/length 20 to 90 cm.  
  Leaves opposite; or whorled.  
Zostera capensis Setch.  Plant height/length 10 to 60 cm.  
  Growth form Hydrophyte.  
Table 4.4.6 continue 
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5. Discussion  
5.1.Morphological variation of eight dominant salt marsh macrophytes in different estuaries types 
in the Warm temperate region.  
It is now widely accepted that plants that are found in a range of habitats have greater morphological 
variation compared to those found in narrow habitats (Capinera, 1979; Blanchette, 1997, Richards et 
al., 2005; Uribe-Salas et al., 2008; Richards et al., 2010). Salt marshes are considered to be ideal for 
studying variation of species due to the explicit environmental gradients and plants occurring in salt 
marshes are halophytes that exhibit a range of morphological traits that allows for growth and 
reproduction under the stressful and extreme conditions (Anderson and Threshow, 1980; Richards et 
al., 2005; Richards et al., 2010). The halophytes in this study all revealed great variation in 
morphological characters between different sites and estuaries.   
The species Bassia diffusa supported the hypothesis that macrophytes are different in terms of 
morphology across estuary types (Table 4.1.1). On average shorter plants occurred in estuaries with 
smaller salt marshes (Kowie, Ngqusi) and salt marshes in estuaries that were temporarily open / 
closed (Great Brak) while taller plants occurred in large salt marshes in estuaries that were 
permanently open (Swartkops and Knysna). The degree of morphological variation was also similar 
for these conditions. This suggests that there were different factors operating between these estuary 
types that would directly influence the morphology of this species. The variation of plant height with 
different estuary types can be attributed to the fact that smaller salt marshes also have smaller 
habitat ranges which results in greater homogeneity of abiotic conditions, compared to larger ones 
for which greater variability can be attributed to widely varying abiotic drivers. According to the 
niche-variation model individuals of the same population are said to vary in terms of the morphology 
where habitat breadth is variable in terms of size and physical characteristics (Van Valen 1965; 
Richards et al., 2005).  
This species also showed variation in plant length over a wide geographic range from the Knysna 
Estuary to the Ngqusi Estuary. The variation of plant length could be either a phenotypic plastic 
response (Parkhurst and Loucks, 1972), or result from adaptive genetic differentiation among 
populations (Ducousso et al., 1996; Jensen, 2000; Jensen and Deans, 2004; Jensen and Hansen, 
2008). Uribe-Salas et al. (2008) studied the distribution of Quercus rugosa Nee from the southern 
United States to Honduras. This study characterized leaf variation across the whole distribution of 
the species in Mexico. Their results showed that variation was negatively correlated with latitude 
indicating a steep clinal reduction in leaf size from south to north. The characterization of 
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geographical patterns of phenotypic variation in natural plant populations is a fundamental first step 
towards suggesting hypotheses about possible patterns of genetic variation, adaptive significance of 
specific characters, and plastic responses to environmental gradients (Uribe-Salas et al. 2008).  This 
study does not show that plant length is correlated with latitude; however plant length did decrease 
from the Swartkops Estuary to the Ngqusi Estuary, probably as a result of an increase in temperature 
from Swartkops to Ngqusi Estuary. Populations of B. diffusa were also replaced by Suaeda inflanta 
(L.) Forssk. in the upper reaches of the Ngqusi Estuary. This could indicate a change in vegetation or 
an ecocline in this estuary. This is also supported by the fact that the Ngqusi Estuary is on the border 
of the warm temperate bioregion.  O'Callaghan (1992) found that B. diffusa can occur as single plants 
in the upper parts of the MHWN to MHWS zone or as small shrubs near the top of the zone with S. 
inflanta.  The coast of South Africa, including estuaries, encompasses at least three distinct 
biogeographic regions, namely a subtropical, warm temperate and cool temperate zone. Stephenson 
and Stephenson (1972) examined the distribution of rocky-shore biota and identified three 
biogeographic provinces: a subtropical East Coast Province from Mozambique to approximately Port 
St Johns (characterised by warm-water species); a warm-temperate South Coast Province from Port 
St Johns southward to approximately Cape Point (comprising mainly cooler water species); and a 
West Coast Province from Cape Point up the west (Atlantic) coast (characterised by cold water 
forms). This study indicated that temperature is an important parameter affecting marine species 
distribution.  Leaf thickness of Bassia diffusa showed little variation between sites and compared to 
plant height probably because there is little variation in environmental conditions (Table 4.1.1.). Leaf 
thickness is therefore a more stable character for the identification of plants based on the 
morphological characteristics. Such non-variable characters can often be used in taxonomic 
descriptions (Snaydon, 1973).  
Although plant length showed differences between different estuary types as well as over a wide 
geographic range the variation along the estuary reaches was slight. Cluster analysis showed that the 
total similarity was greater than 80 % indicating that all populations within each estuarine reach were 
similar in morphology. Brenan (1988) described B. diffusa as a low growing  
Decumbent, often a straggling shrub (subshrub) about 10-25 cm in height. The lengths of leaves are 
approximately 4–15 (to 17) mm and 1–3 mm wide. Leaves are acute at the apex more or less densely 
appressed-silky on both surfaces. The flat leaves have a unique anatomy among Camphorosmeae. 
The plant length and leaf thickness measured in this study is within the range as were previously 
published, however plant length showed greater phenotypic variation.  The species occurs on 
elevated salt marsh or supratidal salt marsh with high organic and clay content and high salinity 
within the substratum (O’Callaghan 1992). Muir (2000) found Bassia diffusa to occur on substrates 
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with a   pH of 7.8, moisture content 45-48 %, organic content 56-60 %, substrate type - coarse - fine 
clay particles 76 %, fine coarse silt particles 23 %, sand - 1%, Redox potential 310 mV and 
Conductivity 38-46 mS. Plants can occur as solitary in the upper parts of the MHWN to MHWS zone 
or as small shrubs near the top of the zone with Suaeda inflanta (L.) Forssk. (O'Callaghan, 1992) 
The main environmental factors responsible for the observed variation in the height of different 
populations are soil moisture content, organic content and sediment electrical conductivity which 
frequently interact with each other and affect the observed plant growth, distribution and 
reproduction (Craft et al., 1991; Thomas and Blum, 2010; Więski et al., 2010).  These results are also 
consistent with those of Richards et al. (2005). On the other hand, variation in leaf thickness was 
mostly caused by a combination of organic content, pH and temperature. This is probably due to 
these environmental factors being closely related, and their variation in different estuarine sites 
results in varying levels of alkalinity and acidity and varying levels of ion absorption (Arditti and Dunn, 
1969), which influence the leaf phenotype of the plant. 
Univariate correlation analysis revealed that plant height increases with decreasing moisture 
content, organic content and sediment electrical conductivity (Table 4.1.3).   With respect to organic 
content, the results are contrary to expected trends. Craft (2007) and Weston et al. (2006) suggested 
that salt-water intrusion may increase overall rates of organic matter decomposition. This would also 
increase the nitrogen compounds available to plants. The observed variation of plant height with 
organic content could be as a result of a trade-off between salinity and organic content. A recent 
study by Więski et al. (2010) showed plant productivity and soil organic content are reduced under 
saline conditions.   The results are also consistent with those of other authors. Howard (2010) in her 
studies also found an increase in stem length with organic content for Distichlis spicata (L.) Greene 
under low salinity conditions. Howard (2010) reported that increasing content of labile organic 
matter enhances nutrient availability, while refractory organic matter does not affect nutrient 
availability.  
The decrease in plant height with high soil moisture content can be attributed to waterlogged 
conditions. This is particularly evident in the Kowie Estuary where plants were the second shortest, 
second to the population in the upper reaches in the Ngqusi Estuary. The Kowie Estuary as well East 
Kleinemonde Estuary experienced high water levels at the time of sampling. Temporarily Open 
Closed estuaries (TOCEs) are often isolated from the sea by the formation of a sand berm across the 
mouth during periods of low river inflow. TOCEs can stay closed until their basins fill up and the berm 
is breached which is a result of high water level (Whitfield 1998). Adams et al. (1999) recorded die 
back of Sarcocornia   natalensis (Bunge ex. Ung-Sternb.) A.J.Scott subsp. natalensis in the Great Brak 
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Estuary under high water levels caused by a prolonged mouth closure. This dieback was due to 
inundation for longer than 2 months.  Increased water level associated with changes in salinity is the 
major factor that results in changes in the macrophyte communities of estuaries.  
Bornman (2002) further noted the majority of inundation and waterlogging studies were conducted 
on intertidal species, for example Adams and Bate (1994, 1995). These studies concluded that 
inundation and waterlogging in concert with salinity are highly important in affecting their growth, 
distribution and survival. In the supratidal zone a number of studies were done on Atriplex spp. (Van 
Diggelen 1991; Egan and Ungar, 1999) and one study on Sarcocornia   pillansii (Bornman, 2002).  
The results of these studies revealed that moisture content seems to be the limiting factor for these 
plants, the salinity of the water source being of secondary concern. High moisture levels in saline 
soils ameliorate salt stress and promote plant development in comparison to soil with lower soil 
moisture content. Similarly the reduction in growth of the supratidal species Bassia diffusa due to 
waterlogging are to be expected as these plants are adapted to  areas that do not receive frequent 
inundation. 
Plant length and leaf thickness of B. diffusa also showed positive correlations with redox potential.  
The roots of plants provide two essentials functions; support and nutrition (Sanchez-Moreiras and 
Weiss, 2001; Fitter and Hay, 2002).  Sanchez-Moreiras and Weiss (2001) explained that because roots 
are usually the first organ in contact with nutrients present in soil they are vital in the absorption and 
transport of solutes through the plant. In the Knysna and Swartkops estuaries Muir (2000) also found 
that redox potential of the soil is directly proportional to the organic content of the soil and is 
correlated negatively to the moisture content of the soil and that B. diffusa were associated with 
high redox potential readings (290 -348 mV).  Her study also found that sudden increases in redox 
potential were accompanied by a change in the most abundant species from S. tegetaria to B. diffusa 
in mid to upper intertidal areas. The species Bassia diffusa therefore may have optimal growth, 
expressed in its phenotypic expression, under high oxidizing conditions.   
Soil pH showed a weak, yet significant, positive with leaf thickness. Plants absorb cations and anions 
at dissimilar rates for different salts and that this unequal absorption of ions results in changes in pH 
in soil (Arditti and Dunn, 1969). The cations of a salt, when absorbed in excess, will decrease the pH 
and are termed physiologically acid, while absorption of anions which result in an increase of pH in a 
medium are referred to as physiological alkaline.  Soil pH was reported to affect membrane function, 
cell regulation, respiration and ion solubility (Linthurst and Seneca, 1981; Larcher, 1995; Batty and 
Younger, 2003). In Bassia diffusa this interaction would be more pronounced in leaves compared to 
stems which are more rigid as they are composed of sclerenchyma tissue. The sediment pH also 
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affects the uptake of nutrients by plants indirectly through the solubility of ions and the activity of 
micro-organisms. The availability of several nutrients, especially phosphorous and the 
micronutrients, are affected by pH and become less available due to basic conditions. The increase in 
leaf thickness can therefore be explained by   basic (as opposed to acidic) conditions which favour 
the uptake of both water and mineral salts resulting in the sequestration of both water and ions in 
the vacuole and hence an increase in leaf thickness.  
The variation in morphological characteristics of Juncus krausii was attributed to the biogeographic 
ranges which resulted in differences in site sediment moisture content, and freshwater seepage 
(Table 4.1.4, Figure 4.1.2, and Table 4.1.5). Taller and thicker plants were found in the Ngqusi Estuary 
(Wavecrest) and plant height was reduced across estuaries to the Great Brak Estuary which had the 
shortest and thinnest plants.  The Ngqusi Estuary is closer to the start of the Subtropical zone that 
has lower salinity and relatively higher runoff compared to Warm temperate and cool temperate 
estuaries (Harrison, 2004; Van Niekerk, 2011).  
The estuaries in the Eastern Cape region, from Port Edward to the Great Kei River such as the Ngqusi 
Estuary are influenced by temperate to warm and humid climate and receive mostly summer rainfall. 
Here rainfall reaches a maximum in March; rainfall varies from about 800 to 1250 mm per annum 
(Heydorn and Tinley, 1980; Day, 1981). Average daily air temperatures in this region range from 17-
28 °C in January to 8-21 °C in July (Schulze, 1984; Harrison, 2004). From East London to Cape Agulhas 
including the East Kleinemonde, Kowie and Swartkops estuaries rainfall decreases to approximately 
500 mm per year and occurs almost equally in all seasons although slightly higher rainfall occurs 
during autumn (March) and spring (October/November) (Heydorn and Tinley, 1980; Schulze, 1984). 
The southwest Cape (Knysna and Great Brak Estuary) has a Mediterranean climate with cool, wet 
winters and hot, dry summers (Schulze, 1984; Tinley, 1985). Most rainfall falls from May to 
September and is usually between 400 and 700 mm per year (Heydorn and Tinley, 1980; Day, 1981). 
The average ambient temperature in this region ranges from 15-28 °C in summer to 6-17 °C in winter 
(Schulze, 1984).  
These areas with high rainfall and consequent high sediment water content and reduced salinity are 
thus preferable for J. kraussii.  Physiologically response to excessive cellular salt concentrations 
impose an osmotic limitation to water uptake, thereby reducing cell expansion and shoot growth at 
elevated salinities, in order to maintain root and rhizome survival under increasing salinity stress.This 
is supported by studies that found that Juncus kraussii are typically found in areas of lower elevation, 
with soils high in moisture and low in salinity (Rozema and Blom, 1977; Muir, 2000; Naidoo and Kift, 
2006; Greenwood and MacFarlane, 2008; Vromans, 2010).  
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Culm height and thickness were also different in different estuary types. Apart from the Ngqusi 
Estuary, where variation was due to biogeographic differences, plants were also different in 
temporarily open/ closed estuaries (East Kleinemonde Estuary and Great Brak Estuary) and the 
Estuary Bay (Knysna). According to Adams et al. (1999) salt marshes occur in only certain South 
African estuaries, being related to specific environmental habitats within each system, which are in 
turn determined by patterns of salinity and inundation. In TOCEs the physical environment is known 
to experience large fluctuations and estuarine habitats are primarily influenced by physical rather 
than biological factors. During periods of mouth closure, water level can increase to the extent that 
the adjacent floodplain becomes flooded (Begg, 1984; Adams et al., 1999; Riddin and Adams, 2009).   
During such closed mouth conditions, the water is predominantly fresh, and it is possible that high 
water levels in the Kleinemonde Estuary resulted in high soil moisture and low salinity that produced 
favourable growing conditions for Juncus kraussii. In contrast, in the Great Brak Estuary populations 
were found in supratidal areas but next to a road with freshwater runoff. This too, provided 
sediments with high moisture content and low salinity.   These results are also consistent with Adams 
et al. (1999) who noted that J. kraussii populations are found under closed mouth conditions and 
when there is a strong freshwater inflow into estuaries as well as when at areas where there is 
freshwater seepage.         
In the Knysna Estuary, particularly in the middle and upper reaches, this species had the lowest plant 
height and culm thickness but these characters showed greater variation compared to populations in 
the TOCEs. Reduced plant height and culm thickness in this estuary is probably because the 
population grew in supratidal areas where they received little tidal interaction, hence low moisture 
conditions. In supratidal areas, the sediment salinity may also be higher due to lower rainfall and low 
tidal flushing. Tidal flushing is particularly important as it washes excess salts out (Bornman et al., 
2008).   
In the Knysna Estuary, greater variation of Juncus kraussii in terms of morphology can be attributed 
to habitat breadth; the larger habitat result in a wider variation in environmental conditions and 
these results in more heterogenous populations. In fact, the total variation in the plant characters 
that ranged from 9.8-15.4 % for culm height and 9.7-20.4% for culm thickness at all sites is probably 
due to habitat variability. This is consistent with findings by Richards et al. (2005) that there is a 
complex interaction between plant phenotypes and environmental variables. They further explained 
that the variation in plant phenotypes would be greater if a species occurs in a wide habitat range. 
They term these species habitat generalists as opposed to those found in narrow ranges that are 
referred to as habitat specialists.  The impact of biogeography and habitat specifics can be clearly 
observed when these two extreme habitats are clustered (Figure 4.1.1). Taller, thicker plants were 
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found in the Ngqusi Estuary whereas shorter and thinner plants were found in the Knysna Estuary 
(13.3 % dissimilarity). 
Within the Juncus stands mean sediment electrical conductivity were 18.35 mS.cm-1 (± 4.2 S.E.) and 
organic moisture 14.8 % (± 3.40 S.E.) and pH 7.52 (± 0.13 S.E.). In the sampled estuaries it can then be 
concluded that moisture content was the limiting factor affecting the phenotype of J. kraussii. 
Composite morphological characters of Sarcocornia decumbens showed great variation within 
populations, between sites, and estuary types. There are currently very few literature sources on 
Sarcocornia decumbens allowing for comparison. DWAF (2008) attribute this to the unresolved 
taxonomy of the genus. They also suggested that research on the effect of inundation on salt marsh 
seedling establishment and the salinity tolerance of Sarcocornia decumbens is required to better 
understand the responses of the plants to environmental changes. 
However, morphological characters measured in this study are similar to that recorded in the recent 
review of the species.  Vertical plant height (measured as the lateral or decumbent stems) was 
significantly different between different sites. Vertical stems are characteristic of S. decumbens. This 
species, as the specific epithet implies, is a decumbent subshrub that can be up to 50 cm in height. 
The main branches are woody reaching diameters of up to 15 mm. The main branches appear not 
laterally flattened but may root at the nodes unlike the secondary branches which are usually erect 
but may form lateral branches thus forming dense mats (Steffen et al., 2010). Unlike Steffen et al.’s 
(2010) description plants in this study were greater than 50 cm, particularly in permanently open 
estuaries. Segment length and segment thickness were also within their published range. The stem 
segments of Sarcocornia decumbens were strongly succulent, cylindrical to obconical 8 to 18 mm 
long and 2 to 3 (–5) mm (fresh) in thickness (Steffen et al., 2010). Floral characters (floral stalk length) 
were shorter where it ranged from 3-5 cm in this study compared to 7.5 cm long measured by 
Steffen et al. (2010).  
Cluster analysis (Figure 4.3.1.) based on three morphological characters (plant length, segment 
thickness and segment length) separated population into taller plants with thicker and longer 
segments (Knysna Estuary and Ngqusi  Estuary), shorter plants with relatively thinner and shorter 
segments (Great Brak and Swartkops Estuary) as well as a separate cluster made up of plants of the 
East Kleinemonde Estuary. This suggests morphological differences in relation to estuary type. As 
discussed earlier differences in estuary types can change the sediment and water level conditions 
that affect the phenotype of salt marsh species. Macrophytes in temperate TOCEs in South Africa, 
such as the East Kleinemonde Estuary, are exposed to a wide range of environmental fluctuations, 
particularly with respect to water level. Water level fluctuations result in wetting and drying of the 
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supratidal and intertidal habitat, which is dependent on rainfall and/or overwash events (Riddin and 
Adams, 2008a). During periods of mouth closure, water level can increase to the extent that the 
adjacent floodplain becomes flooded (Begg, 1984). Water level fluctuations are a key driving force 
affecting the spatial and temporal distribution of macrophytes. Supratidal salt marsh dies if 
inundated for one to two months while intertidal salt marsh dies if inundated for three months.  The 
plants in the East Kleinemonde Estuary showed unique morphology probably in relation to high 
water levels or increased sediment water content. Here, plants had much longer segments compared 
to plants at all other sites. This could be indicative of elongation growth. Colmer and Flowers (2008) 
explained that flooding is a common environmental variable in many habitats occupied by halophyte 
and tolerance of soil waterlogging in halophytes is often associated with elongation growth. 
Extension growth or stem elongation has been reported by Jackson and Drew (1984) as an important 
method or response by aquatic plants to cope with submergence. The hormone ethylene is thought 
to be responsible for this and involves elongation of stems or petioles that ensures that a portion of 
foliage is raised above the water.     
In Sarcocornia decumbens, environmental factors appear to have the greatest impact on flowering. 
Flower stalk length had strong significant positive correlations with moisture content, organic 
content and pH while there were strong negative significant correlations with redox potential and 
electrical conductivity. Machado and Cruzan (2010) stated that environmental stress limits the 
survival and reproduction of organisms and shapes the course of their evolution. For the most part 
water limitation and excess is of critical importance as it affects the systemic cellular responses, 
phenotypic changes and eventual genotypic composition of populations. Van Zandt and Mopper 
(2002) explained that when flowering is not synchronised it could impede gene flow and reduce 
reproductive success. In their study, Van Zandt and Mopper (2002) determined the effect of salinity 
on a salt marsh perennial Iris hexagona Walter (Iridaceae) and demonstrated that even relatively low 
levels of salinity can delay flowering. Similarly with Sarcocornia decumbens salinity may affect the 
reproductive output.  Flowering is an important life history trait that is under genetic and 
environmental influence and is critical for the evolutionary ecology of plant populations. 
Recommendations are careful monitoring of populations of Sarcocornia decumbens, as with all 
plants, with regard to the impact climate change scenarios would have on its distribution and 
reproduction. 
Even though some significant differences in morphological characters were found for Sarcocornia 
pillansii between different sites, the species appears to show little variation in all characters 
measured (Table 4.1.10., Figure 4.1.4.). All morphological characters were within the range of that of 
Steffen et al. (2010). They described the species as an erect to decumbent shrub that can grow up to 
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70 cm high. The main branches may be up to 30 mm thick and are laterally compressed. The shape of 
the segments is cylindrical to slightly obconical. Segments   appear strongly succulent 8 to 20 mm 
long and 2 to 4 mm (dried and fresh) wide. Furthermore the species in this study resemble the typical 
eco-morphotype that occurs in most of the estuaries (except for Orange River) and in many inland 
regions (except for Namaqualand). This type is morphologically distinguishable by the low-shrub 
growth-form with branches decumbent to erect, often entangled. The population in the middle 
reaches of the Kowie Estuary were particularly different in morphology where plants were shorter 
with thinner and shorter segments. Vromans (2010) also found a Sarcocornia hybrid misidentified as 
S. decumbens in the Kowie Estuary. Frequent hybridization between these sympatrically growing 
species seems very likely (O’Callaghan, 1992; Steffen et al. 2010), and this may explain the high 
similarity between species at all sites in the current study. Tölken (1967) recognized intermediate 
morphological and anatomical traits and suggested that they might be a result of interspecific 
hybridization processes. O’Callaghan (1992) found indications for the occurrence of extensive 
hybridization within Sarcocornia as he identified 32% of the examined specimens as putative hybrids. 
In this study, no attempt was made to determine which species formed the hybrid. Genetic analysis 
of the plants is recommended for more information on hybrids and potential new species. 
Principal components analysis revealed that sediment organic content and moisture content were 
the most important factors influencing the morphology of Sarcocornia pillansii.  This is further 
illustrated in correlation analysis where plant height was positively related to organic content and 
moisture content, as both these factors are important for optimum growth of the species. This is 
consistent with findings of other authors. Muir (2000) found this species to occur on substrate with 
organic matter content of 31-44 % and moisture content of 12-19 %.  In addition, Bornman (2002) 
found that the distribution of Sarcocornia pillansii was influenced by soil moisture, distance from the 
estuary, elevation above mean sea level, and depth to the water table. Moisture is a key ecological 
driver for salt marsh vegetation, especially in arid areas of southern Africa. During prolonged dry 
periods, a shallow saline water table in the floodplain is an important source of moisture. Moisture 
content and organic content are frequently related and therefore beneficial for plant growth. On salt 
marshes soil organic content usually consists of carbon and nutrients in the form of carbohydrates, 
proteins, fats and nucleic acids. The stable organic component (humus) has both a nutrient-holding 
capacity as it adsorbs and holds nutrients, and a moisture-holding capacity. Through the process of 
decomposition and the colloidal nature of humus, nutrients are released in a form available to plants 
and plant productivity is enhanced (Doerr, 1990; Lickacz and Penny, 2001).  
Segment length and thickness were negatively correlated to pH and redox. This is probably because 
pH and low redox potential reduced the ability of plants to absorb nutrients. The sediment pH may 
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also affect the uptake of nutrients by plants indirectly through the solubility of ions and the activity 
of micro-organisms. The availability of several nutrients, especially phosphorous and the 
micronutrients are affected by pH and redox potential (Rogel et al., 2001; Bornman, 2002; Bai et al., 
2005).  When nutrients are fixed by acidity, water uptake would be limited, and succulence of stem 
segments is an adaptation to deal with water deficit conditions. 
Another species studied was Sarcocornia tegetaria. Steffen et al. (2009) described Sarcocornia 
tegetaria as a prostrate to decumbent subshrub, forming dense mats to 20 cm thick, main branches 
prostrate. The segments are strongly succulent, barrel-shaped to obconical, 7 to 15 mm long and 2 to 
5 mm wide. In the current study plant height ranged from 10.9 to 58.2 cm. The wide range reported 
here is probably due to intrinsic genetic and morphological variation of this species. This variation 
may also be because plant height/length included sections normally underground in extant 
populations. In this study, segment length ranged from 6.9 to 16.2 mm and segment thickness from 
3.2 to 5.1 mm, and was within the range reported by Steffen et al. (2009). 
 Populations of Sarcocornia tegetaria were different between permanently open estuaries (POCE) 
and temporarily open/ closed estuaries (TOCE), with respect to plant height (Table 4..1.12.). Plants 
were significantly taller in the POCEs compared to those in TOCEs. This is probably due to high water 
levels in TOCEs. Macrophytes in TOCEs may be tolerant of long periods of inundation due to the 
ability to reproduce both sexually and vegetative but prolonged inundation could cause die back of 
macrophytes (Riddin and Adams, 2008). Water regime therefore plays a major role in macrophyte 
phenology in the TOCE (Vromans, 2010). It is then suggested that populations in TOCEs suffered 
under high water conditions as a result of the physiological stress imposed because of waterlogging, 
resulting in a reduction in height.  This is in contrast to what was found by Adams and Bate (1994 a) 
in a laboratory study that tested the effect that a wide range of salinity and inundation would have 
on the growth of the species. Their results revealed that plants grow best at salinities below that of 
35 ppt with high soil moisture content (complete saturation) but that at salinities greater than 35 ppt 
and complete inundation plants showed elongation growth. Tolerance of complete submergence by 
halophytes has rarely been studied. Notable exceptions are growth experiments using (artificial) tidal 
submergence that showed greater tolerance (Colmer and Flowers, 2008). These laboratory studies 
may greatly exaggerate tolerance levels of species.  
Results of this study are in agreement with findings by Vromans (2010) that when the water level 
retreated slightly (11 -20 cm), previously submerged salt marsh plants resumed vegetative growth. 
Her study also showed that plants in the TOCE demonstrated considerable plasticity in response to 
fluctuating environmental conditions and a protracted period of unfavourable and stressful 
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conditions i.e. high water level and salinity. For the most part, plants in TOCEs showed greater 
variation. Similar to Sarcocornia decumbens the overall variation of all morphological characters was 
high for Sarcocornia tegetaria.  This agrees with Steffen et al. (2009) who found that many of the 
specimens ascribed to Sarcocornia tegetaria possess sets of characters transitional between S. 
tegetaria and other species of the genus, and suggested that when occurring sympatrically, frequent 
hybridisation takes place between S. tegetaria and other species of the genus.  
The phenotype of Sarcocornia tegetaria therefore reflects the waterlogged conditions in which it 
thrives (Adams and Bate, 1994; Muir, 2000; Steffen et al., 2009; Colmer and Flowers, 2008). The 
negative correlation between plant height and segment length to organic content and moisture 
content could be a result of hypoxic conditions having a negative effect on plant metabolism. There is 
also a significantly positive relationship with redox potential while there were significantly negative 
relationships with pH and electrical conductivity.   Adams and Bate (1994a) found that succulence 
(measured as stem water content) was low when sediments were saturated even if salinity was high, 
whereas under drier conditions and brackish conditions succulence was the greatest. Mature 
individuals show a red colouration of the stem tip that indicates a high level of salt accumulation. The 
morphology of this species is thus greatly influenced by its position in the intertidal zone where 
conditions of waterlogging may persist for long periods. These conditions are cyclic and the species 
responds to this by having great phenotypic variation. However, an alteration in the natural cycle 
could be detrimental to the survival of Sarcocornia tegetaria.  
In Spartina maritima the variation of morphological characters is most probably related to the 
position of the population along the length of the estuary (Table 4.1.13, Figure 4.1.5.). Plants in the 
lower reaches are on average shorter with thinner leaves compared to those in the middle reaches 
which are in turn shorter compared to those in the upper reaches of the estuary and this could be as 
a result of the lateral salinity gradient along the estuary.   Permanently open estuaries including 
estuarine bays and some river mouth are normally characterised by large catchments, relatively high 
runoff throughout the year (Van Niekerk, 2009), and exhibit a wide variety of environmental 
variation in salinity and tidal inundation from the mouth, middle, upper reaches and headland of 
estuaries (Day, 1981). 
 In South African estuaries S. maritima can survive submergence for longer periods than other plants 
and therefore occupies the lower intertidal areas of salt marshes (Adams and Bate, 1994). Adams 
and Bate (1995) found that both salinity and inundation had a significant effect on stem elongation. 
In dry conditions stem elongation was significantly reduced at all salinity levels. Water content is 
therefore a greater factor that affects the growth of this species.  Associated with prolonged 
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inundation is waterlogging conditions causing anoxic conditions, with associated rise in pH and redox 
potential (Colmer and Flowers, 2008). Spartina maritima thrives in such conditions as it can 
oxygenate its roots, rhizophere and leaves through extensive aerenchyma (Adams and Bate, 1994). 
 Morphological characters of Triglochin elongata were also significantly different between the TOCE 
(East Kleinemonde) and POCE (Kowie) estuaries (Table 4.1.25).  This variation is particularly greater in 
the Kowie Estuary. Köcke et al. (2010) circumscribe this species as plants that grow up to 15–90 cm 
high that have whitish to beige rhizomes with bracts. The leaves are leaves uniform, thickened at the 
base but not forming a bulb, as long as or longer than plant height, 1–2 mm wide, leaf bases covered 
by soft, whitish to brown fibres, fibres mostly 3–6 cm, rarely up to 15 cm long. They form dense 
inflorescences with 10-100 flowers. The flowers are 1.5–2.5 mm long with elongated pedicels at the 
time of the pedicels is then 2–6 mm long and the infructescences (6–) 10–25 cm long.   
Results from this study is, for the most part, are in agreement to that of Köcke et al. (2010). Plant 
height was within the 15-90 cm range, but raceme lengths (25.8 in the East Kleinemonde Estuary and 
53.9 in the Kowie Estuary) were greater than the maximum reported by Köcke et al. (2010). Leaf 
thickness was also out of the range of that of Köcke et al. (2010). Triglochin elongata commonly 
grows in the upper tidal and supratidal zones of estuarine salt marshes usually on heavy clayey 
(partly also clayey-sandy) saline soils. In the East Kleinemonde Estuary plants were found growing in 
the upper intertidal zone compared to the Kowie Estuary where they occurred in the supratidal zone 
with Sporobolus virginicus. Köcke et al. (2010) also explained that this species prefers elevated banks 
of sandy beaches, edges of estuarine rivers as well as on rocks exposed to salt spray. Along some 
estuarine rivers it penetrates deeply inland (Bushmans River in the Eastern Cape), and in some 
regions (West Coast, Breede River, Overberg). Very few studies have been done on T. elongata.  It is 
unique in terms of its geographical distribution and deserves further study (Köcke et al., 2010).       
Morphological characters of Triglochin striata were also different between estuary types and across 
sites (Table 4.1.22). The tallest plants were found in the Great Brak estuary. However these plants 
were not taller than those in the lower reaches of the Ngqusi Estuary. Plant height ranged from 15.5-
26.2 cm and was to the extreme end of that published by Köcke et al. (2011). Leaf thickness was also 
within the same range of similar species (1-4mm wide for all species) (Davy and Bishop, 1991). Even 
though variation in both plant height and leaf thickness was high between sites it probably is not of 
taxonomic importance.  Davy and Bishop (1991) also found that although there is considerable 
variation in size, morphological variation is less significant taxonomically, for T. maritima.  
All populations of Triglochin striata also showed great similarity within sites and in most cases the 
variation between sites were less that 5 % (Figure 4.1.6). The reason the separation of the WCL and 
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SWL populations is probably due to the greater plant height.  These two characters also showed 
similar correlations with environmental factors (Table 4.1.23).  The negative correlations with 
morphological characters and soil organic content can be attributed to waterlogged conditions. 
Similar results were recorded by Cooper (1982) and Davy and Bishop (1991) for T. maritima.  
Waterlogging led to a decrease in the yields of above ground biomass whereas greater biomass was 
achieved under drained saline soils.   Negative correlations were found with morphological 
characters and soil organic content. This is probably related to the waterlogged conditions. Water 
level inundation, resulting in waterlogged conditions, may subsequently become a significant source 
of organic matter to the estuary due to the die back of macrophytes (Adams and Bate, 1994a; Adams 
et al., 1999; Taljaard et al., 2009). Both plant height and leaf width showed negative correlations with 
temperature.  This can be attributed to the build up of turgor pressure. Rozema et al. (1987, cited in 
Davy and Bishop, 1991) also recorded a diurnal rhythm in leaf thickness, indicating swelling at night 
to coincide with maximum turgor pressure.  
Plant height of Sporobolus virginicus in temporarily open/ closed estuaries was different from that of 
permanently open estuaries (Table 4.1.19). Plants in the lower reaches of the East Kleinemonde 
Estuary were shorter compared to those at all other sites. Plants sampled in the intertidal zone of the 
Great Brak Estuary were significantly taller than those at all other sites. Apart from the Great Brak 
intertidal population, plant height was within the range found by previous authors (Gallagher, 1979; 
Blits and Gallagher, 1991; Marcum and Murdoch, 1992; Naidoo and Naidoo, 1998; Bell and O’Learly, 
2003; Vromans, 2010). The plants in the intertidal zone of the Great Brak Estuary probably showed 
these differences in relation to waterlogging conditions. In this species tolerance to nonsaline 
waterlogging is achieved through several strategies, including increased internal aeration, 
development of adventitious surface roots and altered biomass distribution (Donovan and Gallagher 
1984; Naidoo and Naidoo 1992). In a hydroponic study on S. virginicus, concurrent oxygen deficit 
(induced by purging with nitrogen) and salinity stress produced several morphological responses 
including reduction in growth and altered biomass distribution. Furthermore, the degree of growth 
reduction was similar whether independent or concurrent stresses were applied (Donovan and 
Gallagher 1985). Naidoo and Mundree (2002) investigated the effects of waterlogging and salinity on 
morphological and physiological responses in Sporobolus virginicus. Flooding at low salinity caused 
initiation of adventitious surface roots. Increased salinity under waterlogged conditions decreased 
belowground biomass and the number of culms per plant.   It can thus be suggested that the 
observed variation in stem length in the current study is a reflection of site differences in the level of 
sediment moisture.                    
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5.2.Species diversity, distribution, and morphological characters of South African salt marsh 
macrophytes: towards developing a comprehensive Estuarine Botanical Database 
Species richness in estuaries  
Estuaries and the associated salt marshes are not considered to be diverse in terms of macrophyte 
species composition (Coetzee, 1995). Mucina et al. (2003) attributes this to the harsh environmental 
conditions of estuaries. This is also supported by Elliot and Whitfield (2011) who reported that 
estuaries are relatively low in species diversity when compared to all the freshwater and marine 
species adjacent to the estuary. The few species that have adapted to estuarine conditions show 
great intraspecific diversity (Section 1) as well as interspecific diversity (Appendix B) with species 
diversity ranging from protistan (Ulvaceae) to dicotyledonous (Asteraceae) families. At the levels 
below order there are also similarities between taxonomic and ecological groupings. Some plant 
families can be ecologically homogenous such as Chenopodiaceae, Salicaceae, Plumbaginaceae, and 
Potamogetonaceae. Still, these similarities are sometimes not sufficient to be of wide use in ecology 
(Snaydon, 1973). One of the objectives of the study was to determine the species diversity of South 
African estuarine macrophytes. Based on results of the current study, new species were added as 
more systems were investigated, and due to taxonomic revisions.   
The estuaries from the cool temperate region contributed the most to the increase in the number of 
new species added to the database (Table 4.2.1, Appendix B). This may be attributed 1) to the fact 
that this bioregion has the largest estuarine habitat in South Africa which includes the largest 
supratidal salt marsh (3 805 ha) and the intertidal salt marsh (1 903 ha) area and 2) to the fact that 
some estuaries were studied in greater detail (Van Niekerk and Turpie, 2011). The greatest number 
of taxa added was from this region.  Results also showed that this region may on average have the 
greatest taxon diversity. Regardless of this, nearly 100% of the habitat in the cool temperate 
biogeographical region (represented by 12 ecosystem types) is Critically endangered, while less than 
1 % is Vulnerable and Least threatened, respectively. Turpie and Van Niekerk (2011) attributed this to 
that fact that 13 % of South Africa’s estuaries are under significant habitat modification or 
development pressure, with 32% of the estuaries in the cool temperate region. This is exacerbated 
by pollution pressure on 44 % of the estuaries in the cool temperate region (Van Niekerk and Turpie, 
2011).  
The Berg (Groot) Estuary had the greatest species richness and diversity compared to all other South 
African salt marshes.  The focus on larger estuaries and more intensive studies led to the recording of 
more species. In the Berg River Baseline Monitoring Programme of 2007 Boucher and Jones did a full 
taxonomic survey of the salt marsh. The number of species in this system changed from 17 to 77 
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species. Results also showed that this estuary harbours several unique species and is thus important 
in the conservation of this species, as listed in section 4.2.1. (IUCN, 2009). According to the recent 
National Biodiversity Assessment this system is 98 % critically endangered due to significant flow 
modification pressures. Furthermore 4 % of South Africa’s estuaries are under significant flow 
modification pressure, with the 15 % of the estuaries in the cool temperate region under severe 
pressure, comprising mostly the large permanently open estuaries such as the Orange and the Great 
Berg estuaries (Van Niekerk and Turpie, 2011).  
The Olifants Estuary, also a cool temperate system, had the second largest increase with 54 species 
added.  Similarly, to the Berg Estuary and all other cool temperate estuaries, the Olifants Estuary is 
threatened by flow modification and pollution but also inappropriate agricultural practices in 
catchments draining into the estuarine environment and this has an impact on both species diversity 
and the phenotype of extant macrophytes, which respond to such environmental pressures. It is 
possible that if such anthropogenic effects increase, species diversity and abundance in these 
estuaries would be greatly affected. The highest increase in the percentage of species added to the 
database was in the Warm Temperate estuaries. This can be explained by the previous lack of 
taxonomic investigations and environmental studies on these systems that have resulted in 
inadequate and out-dated information on species (Table 2.4.1.). The Blinde, Gwaing, Kaaimans, and 
Klein Brak estuaries have not been the focus of any study on macrophyte species composition and 
this has subsequently been reflected in the number of species in the 2007 database. This is in 
contrast to bigger estuaries such as the Berg, Great Brak, Olifants and Uilkraals that have been the 
subject of many investigations. These estuaries have more recent species lists and environmental 
data and can therefore be managed more appropriately. It therefore appears that estuarine research 
and consequently management is directed at estuaries that are larger. This could be problematic in 
smaller estuaries such as the Gwaing, where there is a great human disturbance but the estuary gets 
less attention nationally. The Gwaing Estuary also has high species richness for its size relative to the 
Klein Brak Estuary. As a result of the high species richness in these small systems, estuarine managers 
should pay sufficient attention to them, as this may aid in the preservation of rare species.   The 
same trend can be observed in the update of the Transkei estuaries where some systems during the 
June 2011 period. Most of these systems were only studied once and therefore appear to be low in 
species richness (Walker, 2003).   In contrast to cool temperate estuaries, most of the zonal type 
groups in the Warm Temperate (18 type groups) are Least threatened representing 68% of the 
habitat in the zone, while 32% of the habitat are Critically endangered (Turpie and Van Niekerk, 
2011).  
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Subtropical estuaries were updated in the latter part of 2011 (August to November, 2011) with the 
investigations of the Mbashe, Mbhanyana and St Lucia estuaries. Here, the number of taxa increased 
from 230 to 242. This led to the rejection of the second hypothesis which is primarily due to the 
addition of the 12 unique St Lucia species. About 88 % of the Subtropical estuarine habitat (16 
ecosystem types) are Critically endangered while only 17 % are Least threatened.  
In essence, the change or increase in the number of species in the database is due a number of 
reasons. They are:    
1. The research focus on larger estuaries and the big research projects has led to the 
identification of more species. For example in The Berg River Baseline Monitoring 
Programme of 2007 an extensive project made use of many specialist scientists, including 
taxonomists. Species listed from this project were included in the update (Appendix B) 
resulting in 176 % increase in species numbers. Isaac et al. (2004) explained that scientific 
research is mostly towards larger areas and where funding is available. The time spent 
sampling different estuaries is also likely to influence the number of species that are found. 
More frequent visits to the same estuary may produce the same trend. In order to get a 
more precise account of the species richness of a particular estuary more sampling effort 
needs to be attributed to it. The time of sampling is also important when investigating 
estuarine macrophyte species composition and distribution. The distribution of salt marsh 
vegetation can be influenced by the seasonal changes in physico-chemical variables where 
the depth from the surface to the water table has the greatest influence (Bornman, 2002; 
CSIR, 1991). 
2. The database also includes species that are not characteristically known as estuarine species. 
These include species such as Senecio sarcoides and Zygophyllum morgsana that were 
sampled in the Uilkraals and Berg Estuary and are classified as Supratidal fringe species in 
this database (Figure 4.2.1). The great increase in the number of species in the database in 
mostly attributed to the addition of the supratidal species from the Berg (Great), Uilkraals 
and Olifants estuaries. 
3. The addition of 50 macroalgal species was also significant . The work done by Prinsloo (2009) 
revealed a great diversity of macroalgal species occurring in just eight estuaries. This number 
could increase if more research on the occurrence of macroalgae in South African estuaries is 
conducted or to the increase in salination of some estuaries resulting in the proliferation of 
macroalgae. 
4. A minor change in the number of species in the database is due to taxonomic revisions of 
species and the addition of newly described species. Mace (2004) explains that all lists of 
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species are subject to change with change in species definitions. The more the species 
concepts narrow or when species split, the length of the lists become longer. She also noted 
that lists lengthened by splitting previously recognised species add little to biodiversity. The 
lumping of Scirpus lacustris gluacus (to Schoenoplectus lactustris subsp.gluacus), and Scirpus 
tabernaemontani ) to Schoenoplectus tabernaemontani is an example of this (Marhold et al. 
2006). No consensus exists regarding the number of genera and the overall relationships of 
genera within Cyperaceae. The most recent account of the family recognized 104 genera 
distributed among 4 subfamilies and 14 tribes. About ten species from eastern Asia and 
Africa have not yet been assigned to a section (Hayasaka, 2003).For this reason many species 
have been lumped together. 
In estuarine management the number of species in a given area has less value than the number of 
different plant communities (Coetzee, 1995). According to Mace (2004) the changing of species 
names does not need to be a problem depending on the role of the entities in the list. However, 
tracking species name changes is essential when species are used as indicators of environmental 
change.  
Taxonomic revisions and name changes of species  
Table 4.2.2shows the estuarine macrophytes that were recently revised or underwent name changes. 
This section describes the reasons for taxonomic revisions and consequent name changes. Already in 
1962 Maire proposed the lumping of Chenolea to Bassia. Scott (1977) described the subfamily 
Camphorosmioideae together with a synopsis of the 18 genera. The species of the genera Kochia and 
Chenolea were transferred to Bassia and this involved 12 new combinations. The Australian species 
with spiny appendages formerly included in Bassia were transferred to Sclerolaena and 3 new 
genera, Neobassia with 2 species and Eriochiton and Stelligera each with a single species; 61 new 
combinations are made in Sclerolaena. In this review he emphasized the significance of structure of 
perianth appendages, in Kochiinae he considered this character as less significant and included 
Kochia (with wings) as a section of Bassia (with spines) where Londesia and Chenolea (without 
appendages) were also included as sections. Subsequently the taxon Chenolea diffusa was changes to 
Bassia diffusa. According to Kadereit and Freitag (2011) Scott’s suprageneric classification was rarely 
used in floristic accounts and most authors also were reluctant to accept his broadened concept of 
Bassia. Kadereit and Freitag (2011) also found that, using rbcL analysis, the three major clades 
(Chenolea clade, Sclerolaena clade and Bassia/Camphorosma clade) still remains conflicting. Despite 
this Bassia diffusa is still the accepted name in the South African Plant Checklist and Database. 
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The Cyperaceae group has been the subject of great revision. Table 4.2.2 shows that, most of the 
name changes in the estuarine species database occurred in this family. Cyperaceae is the third 
largest monocotyledonous family (Muasya et al., 1998; Guarise and Vegetti, 2008) and constitute a 
specialized group of plants, particularly in relation to their generative structure. The morphology of 
the inflorescences and the establishment of homologies among different types of inflorescences is 
one of the main concerns of the cyperologists. Cronquist (1988) placed Cyperaceae in the same order 
as Poaceae and Juncaceae and Thumiaceae in the order Juncales. However, later work revealed that 
Cyperaceae and Juncaceae are more closely related and have subsequently been placed in the order 
Cyperales. Muasya et al. (1998) explained that due to the highly variable and reduced flowers as well 
as the condensed inflorescence, which led to different interpretations and uncertain homologies. In 
addition the evolutionary relationship in Cyperaceae is difficult to determine. 
Marhold et al. (2006) explained that the taxonomy of the Bolboschoenus maritimus group has shown 
a considerable development during the last ten years. DeFilipps (1980 cited in Marhold et al. 2006) 
accepted in Bolboschoenus for Europe only one species, B. maritimus (≡ Scirpus maritimus L.), with 
the two subspecies maritimus and affinis (Roth) Norl. Smith et al. (2006) attribute the taxonomic 
confusion in Scirpus, Bolboschoenus and Schoenoplectus to be the result of disagreement about 
species boundaries, intraspecific variation, and misapplication of names, probable hybridization, and 
introduction of species. The same name (especially S. maritimus) may refer to more than one species 
and to hybrids, and several names are correctly or incorrectly used for the same species. Krocker’s 
(1977) illustration, according to its compact inflorescence, formed only by sessile spikelets, may 
depict Bolboschoenus maritimus or B. planiculmis. Other distinguishing characters (especially fruits) 
are missing, and thus correct determination of the plant is frequently not possible. The plant in Vahl’s 
(1787 et al. cited in Marhold, 2005) illustration shows also a compact inflorescence, formed only by 
sessile spikelets, and, as stated above, this character is typical for B. maritimus.  
Govindarajalu (1974) suggested that the split of species of Cyperus L. and Juncellus (Griseb.) C. B. 
Clarke was because the genera show anatomical differences in the leaf pertaining to the number of 
vascular bundles and bundle sheaths, size of silica-cells and their wall thickness, while those of 
Mariscus (Gaertner) C. B. Clarke segregate into two primary groups depending on the presence or 
absence of a distinct hypodermis; and the species within each group are further differentiated on the 
basis of the presence or absence of air-cavities, the number of vascular bundles and their pattern of 
arrangement in the leaf. The subgenus Mariscus also differs from Cyperus only in its mode of spikelet 
articulation with O’Neill (1942) finding this to be inconsistent. Haines and Lye (1983), studying 
African species, did not recognize Mariscus even at the rank of subgenus. For this reason the 
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estuarine macrophytes Mariscus thunbergii (Vahl.) Schrad has been changed to Cyperus thunbergii 
Vhal and Juncellus laevigatus (L.) C.B.Clarke to Cyperus laevigatus.  
Cook (2004) explains that on a worldwide basis Schoenoplectus tabernaemontani merges into S. 
lacustris and in some recent European floras it is called S. lacustris subsp. gluacus. In the strict sense 
Schoenoplectus lactustris does not occur in Southern Africa. This species is normally up to three 
meters tall with the lower parts of the glumes being smooth and the stigmas usually in threes. The 
nuts are 2.5-3 mm long and mostly three sided. Muasya et al. (2009) suggests that the broad 
circumscription of Scirpus, based on common and widespread characters, resulted in a 
heterogeneous assemblage which were treated as one genus or split into a number of smaller 
genera. With regard to Scirpus in Van Ginkel et al. (2011) the genus is currently being redefined. In 
recent years the following southern Africa genera have been removed from Scirpus in the broad 
sense: Bolboschoenus, Isolepis (including Eleogiton), Kyllingiella, Oxycaryum, Pseudoschoenus, 
Schoenoplectus and Scirpoides. It is likely that Scirpus in its strict sense does not occur in southern 
Africa. 
According to Moline and Linder (2005) the dehiscence of the ovary has traditionally been used to 
distinguish Chondropetalum (dehiscent, three-locular) from Elegia (indehiscent, unilocular). As the 
dehiscent three-locular ovary represents the plesiomorphic condition in the Restionaceae this 
character does not provide support for monophyly. Based on a cladistic analysis of sequence data 
from multiple chloroplast regions Moline and Linder (2005) found that Chondropetalum shares 
morphological and anatomical characters with Elegia that the use of a separate genus, thus forming a 
single entity. The morphological variation in this group is best accommodated by including 
Chondropetalum and Dovea in Elegia so that a larger genus Elegia is favoured over a smaller Elegia 
and a redefined Chondropetalum, reducing the amount of nomenclatural change. 
The family Potamogetonaceae has historically been considered to consist of only two genera, 
Potamogeton and Groenlandia. Recent molecular evidence combined with existing morphologic 
evidence, indicates that Potamogeton in the broad sense actually represents two separate lineages. 
We recognize those lineages at the generic level, Potamogeton in the strict sense and Stuckenia. 
Consequently three genera in the family, Potamogeton, Stuckenia, and Groenlandia have been 
accepted. The stipules of Stuckenia are adnate to the blade for two-thirds to nearly the entire length 
of the stipule. The few species of Potamogeton with adnate stipules have the adnation less than half 
the length of the stipule, in fact, less than 4 mm. Submersed leaves of Potamogeton are translucent, 
flat, and without grooves or channels, whereas those of Stuckenia are opaque, channeled, and turgid 
(Les and Haynes, 1996).  
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A proposal to elevate Potamogeton subgenus Coleogeton to the generic level, retaining the name 
Coleogeton, was presented (Les and Haynes, 1996). Potamogeton pectinatus Linnaeus was chosen as 
the nomenclatural type. The name Stuckenia had been previously published, however, and P. 
pectinatus cited by Börner (1912, Cited in Holub, 1997), making the generic name Coleogeton 
superfluous. Stuckenia is the correct name, and the appropriate specific combinations have been 
made (Holub, 1997).  
With regard to change of Enteromorpha intestinalis L.Nees to Ulva intestinalis L. Taskin (2007) 
explained that the genus Ulva was first proposed by Linnaeus and later changed to Enteromorpha to 
include tubular forms. A phylogenetic study by Hayden et al. (2003) based in a combined data set of 
nuclear ribosomal internal transcribed spacer DNA and the chloroplast-encoded rbc L. gene revealed 
that Ulva and Enteromorpha together formed a strong clade in their analyses. They concluded that 
these two groups are not monophyletic and should not be considered as separate genera. For this 
reason a number of Enteromorpha species has grouped as Ulva. Wynne (2005) recently transferred 
five additional taxa of Enteromorpha to Ulva. 
Steffen et al. (2009) explained that the name change from Sarcocornia perennis (Mill.) A.J. Scott to 
Sarcocornia tegetaria S. Steffen, Mucina & G. Kadereit based on genetic analysis by Kadereit et al. 
(2006) is because S. tegetaria represents an independent evolutionary entity nested among South 
African species of Sarcocornia.   
Due to differences in morphology, ecology and geographical distribution Steffen et al. (2009) 
proposed the splitting of Sarcocornia natalensis into the subspecies Sarcocornia natalensis (Bunge 
ex. Ung-Sternb.) A.J.Scott subsp. natalensis and Sarcocornia natalensis (Bunge ex. Ung-Sternb.) 
A.J.Scott subsp. affinis (Moss) S. Steffen, Mucina & G. Kadereit. According to them the traits such as 
rounder and firmer segments, which more or less keep their shape in dried state and a corkier 
and even woodier appearance distinguish S. natalensis subsp. affinis from the typical subspecies. 
These characters might be the result of increased dryness and salt stress, conditions dominating 
at the West Coast where S. natalensis subsp. affinis can be found. In the contact region of the 
southern West Coast, transitional individuals between the two eco-morphotypes of S. natalensis 
can also be observed.  
Köcke et al. (2010) did a recent review of a Triglochin bulbosa L. Complex: taxa that have been 
included in Triglochin bulbosa L. at some point. The seven species of the Triglochin bulbosa complex 
recognised here are not only morphologically distinct but also differentiated in terms of geographical 
distribution, ecology, phenology and, where known, chromosome number. Both rhizomatous 
species, Triglochin elongata and T. buchenaui, grow sympatrically (in a broad sense) along the South 
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and West coasts of South Africa. However, they differ in ecology by Triglochin buchenaui being 
limited to lower tidal habitats, while T. elongata is found in upper tidal or semi-terrestrial inland 
habitats such as edges of water courses and pans. The change of Zannichellia aschersoniana 
Graebner to Zannichellia palustris L. is due to a human error in the 2007 database. There is no taxon 
Zannichellia aschersoniana.   
Using the Estuarine Botanical Database to determine species diversity in different biogeographic 
regions and estuary types.   
South African estuaries and associated salt marshes are diverse in macrophyte composition. This 
diversity is unequally distributed biogeographically and between different estuarine types (Figure 
4.2. -4). For this study it was hypothesised that species richness is greater in larger, permanently 
open estuaries, due to greater habitat availability and in subtropical estuaries as explained by lower 
salinities, greater freshwater input and relatively higher temperatures. Results showed that the Berg 
(Groot), Uilkraals, Olifants, St Lucia, Knysna and Swartkops estuaries had the largest salt marsh areas. 
Adams et al. (1999) estimated the area of South African salt marshes to be approximately 17 000 ha 
with almost 75 % of its area being confined to five systems: Langebaan, Knysna, Swartkops, Berg and 
Olifants. This great diversity in species can be attributed to the great habitat area and widely varying 
abiotic conditions, allowing for more species to colonize unique niches in these systems. Traut and 
Hill (2010) also found that salt marsh species richness was positively correlated to area and that 
multiple processes influence species diversity patterns in response to habitat spatial characteristics 
and life-history traits.  
An astounding fact is that all of these systems, with the exception of the St Lucia Estuary, have no 
formal protection (Van Niekerk and Turpie, 2011).  St Lucia contributes 90% towards the protected 
estuarine area (50% of the total estuarine area in SA), and covers a total of about 47 000 ha. The 
other protected estuaries cover a total area of just under 10 000 ha. The rest of the estuaries are also 
under threat primarily due to flow modification and habitat alteration. These estuaries also have 
unique and threatened species, and require immediate protection. The diversity indices can be used 
as indicators as to where to prioritise protection, and the database provides an easy-to-use source of 
such information.   
In CA biplots of estuarine bioregions and species it is evident that there is great dissimilarity between 
regions (Figure 4.3). This shows that biogeography plays an important role in determining 
macrophyte species composition, and this is reflected in the database.  Harrison (2004) explained 
that each of the three zones is unique in plants and animals that show different responses with 
changes in physico-chemical characteristics. In general estuaries along the west coast are colder 
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compared to those in the warm temperate zone. These latter estuaries are characterised by high 
salinities and low turbidity as a result of low rainfall and runoff, high seawater input and evaporative 
loss.  Subtropical estuaries have lower salinities and higher turbidity due to relatively high runoff 
(Harrison, 2004). The difference in macrophyte species composition is therefore attributed to 
changes in rainfall, salinity and temperature.  An updated database thus identifies species specific to 
biogeographical regions and would aid in management interventions. 
Of importance here is also the fact that some species are shared between all three regions. These are 
the common species that occurs on many salt marshes in South Africa. It can therefore be argued 
that these are ‘true’ salt marsh species. Estuarine scientists frequently have trouble distinguishing a 
species as estuarine macrophyte or a fringe species. If salt marshes were to be protected on the base 
of the number of taxa and their threat status, it would be important to determine whether species 
are dependent on salt marshes. Species shared between biogeographical regions could provide a 
solution to this problem.    
It was also hypothesised that species richness and diversity would be greater in Subtropical estuaries. 
Results showed, however, that Cool temperate estuaries have greater species richness and diversity 
compared to all regions. This difference could also be attributed to the greater habitat area of salt 
marshes in the Cool temperate zone but also to the addition of many fringing species. This is 
particularly true for systems such as the Uilkraals, Berg (Groot) and Olifants salt marshes.  It was 
expected that subtropical estuaries will have greater species richness as explained by lower salinities, 
consistent with findings by Garcia et al. (1993). This was however not the case. The relationship 
between species richness in different biogeographical zones needs to be further investigated.  
Correspondence Analysis (CA) showed great dissimilarity across estuary types (Figure 4.4).  These 
estuary types are also different in species richness and diversity (Table 2.4.5). As hypothesised 
permanently open estuaries do have greater species diversity. These systems have larger areas that 
allow for greater habitat variability. There are approximately 56 unique taxa occurring in POEs 
making it an important habitat for a number of species. However, apart from the Subtropical zone, 
POEs are classified as endangered (Van Niekerk and Turpie, 2011).  Flow modification is one of the 
major threats to these systems. According to Van Niekerk and Turpie (2011) sea level rise may lead to 
an increase in the saline penetration or an increase in runoff also altering the salinity stratification 
and consequently the species composition in POEs. Furthermore, habitat modification also threatens 
all estuarine types. The effect of this is the inevitable loss of species. This can be seen in the low 
species diversity in Modified permanently estuaries. Estuarine managers need to be aware of the 
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species diversity in different estuarine types as well as the associated impacts on them, and an 
updated database affords them an excellent tool in this quest.  
Selection of species and construction of identification key 
Typically, most plant and animal species are described by their morphology. Often these descriptions 
are supplemented by additional data such as geographic location and ecological information (Cook et 
al., 2010). This study developed an interactive database for the identification of the most widely 
distributed salt marsh species as well as species that have recently been described. The objective of 
this was to aid researchers, managers and non-professionals in identifying salt marsh species. It was 
hypothesised that all species will have diagnostic descriptions and the best characters will be related 
to floral morphology, as they are unique to plant families, and estuarine habitat.  
Diagnostic features of INTKEY indicated that all 57 taxa were distinguishable from each other (Table 
2.4.6). Therefore, the hypothesis is accepted. However, contrary to expectations plant height and not 
floral morphology was the best diagnostic character. In most descriptions plant height and growth 
form precedes all morphological descriptions (Locke et al., 2010; Steffen et al., 2010). 
Notwithstanding, plant height may not be a good character as is it highly variable. For this reason 
plant taxonomists usually use more stable characters, but this makes the resulting classification less 
environmentally useful and of less predictive value in ecology, than might be the case if other 
characters were considered (Snaydon, 1973). Considering the wide range of taxa occurring over a 
range of habitats plant height becomes an important character that not only differentiates species 
but also segregates the same species across habitats.    
An active attempt was made to include the range of plant height of each taxon. Plant height had the 
most character states (29) and consequently was best to delimit taxa. The genus Ruppia can easily be 
separated from other species due the wide range of plant height (5 to 100 cm of greater). The two 
species can then easily be distinguished by the expression of the raceme. Furthermore, the character 
‘Plant height/length greater than 100 cm’ separates most reeds and sedges as well as mangrove 
species from other salt marsh species. Intertidal and supratidal species typically range between 20 
and 90 cm.   
In the key developed, leaf arrangement with 23 character states also proved to be valuable in 
delimiting species. The character state ‘sheathing’ can be used to eliminate 45 taxa; while the 
character state ‘uniform, thickened at base but not forming a bulb’ can be used to easily diagnose 
Triglochin buchenaui Köcke, Mering & Kadereit. 
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The next three important characters relate to floral character states and are the ‘Horizontal 
disposition of the flower’, ‘Inflorescence type’ and ‘Number of stamens’. Floral characters are often 
used to delimit taxa at species level. Recognising the family to which a plant belongs is the first step 
to identifying it completely (Cullen, 1997). Jackson (1981) explained that relatively simple 
characteristics are used to distinguish between families. Floral characters are also considered to be 
more stable and showing less phenotypic variation. However, Snaydon (1973) explained that often 
stable floral characters have been used in taxonomy rather than vegetative characters. This is a 
major disadvantage particularly for field identification since most species flower only for a restricted 
time of the year. The character state ‘Perianth absent’ (No sepals or petals present) was used to 
separate most monocotyledonous taxa; whereas ‘Perianth herbaceous’ was used to separate all 
Sarcocornia spp. including Salicornia meyeriana. The type of inflorescence was also useful in 
identifying species. Salt marsh species seem to be diverse in floral structures. Ten taxa, mostly the 
Mesembryanthemaceae, were separated based on the solitary flowers. All of the Sarcocornia sp. can 
be distinguished of the bases of the cyme inflorescence type.  The number of stamens was used to 
separate a number of taxa. This is mostly because it is a stable character in different families. For 
example, three stamens separate most of the species in Cyperaceae and Poaceae while more than 12 
eliminate all species except those in Mesembryanthemaceae.       
The estuarine habitat is also an important ecological character that can be used to identify species. 
South African macrophytes are grouped into nine plant and algal communities (Adams et al., 1999). 
Different salt marsh species have adapted to the different zones. Authors agree that salt marsh 
zonation is primarily influenced by biotic interactions as well as temporal and spatial edaphic 
gradients (Van Diggelen 1991; Pan et al. 1998; Noe and Zedler 2000; Rogel et al. 2001). The lower 
limits of these zones are set primarily by tolerance to physical stress and the upper limits by 
competition (Snow and Vince 1984; Bertness and Ellison 1987; Emery et al. 2001; Davy, 2000; 
Pennings and Moore 2001). Using the interactive key about 20 species was separated out as being 
supratidal salt marsh species. A further seven species were separated is being submerged 
macrophytes. The character ‘flower plant True/False’ is only used to distinguish the fern Acrostichum 
aureum from other taxa. Some characters are redundant but have been retained in the database as 
new taxa may be added.      
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6. Conclusions and recommendations   
The halophytes in this study all revealed great variation in morphological characters between 
different sites and estuaries. Macrophyte populations vary in terms of their morphology where 
habitat breadth is variable in terms of size and physical characteristics, this is typical of the estuarine 
environment. Variation in morphology also occurred within the Warm temperate zone from the 
Ngqusi Estuary that is closer to the start of the Subtropical zone, with lower salinity and relatively 
higher runoff, than the Great Brak Estuary.   
Plant length/height was the character measured for all species and was the most variable character 
which could be either a phenotypic plastic response or under genetic control. Intertidal species such 
as Sarcocornia tegetaria and Spartina maritima showed morphological response in the form of 
extension growth or stem elongation in relation to high soil water content as well as salinity. The 
morphology of supratidal species such as Sarcocornia pillansii and Bassia diffusa are mostly 
influenced by soil organic content and moisture content. Most of the morphological characters and 
character states measured were similar to that in the circumscription of individual species. It is the 
variation in morphology, particularly in the genus Sarcocornia that makes identification in the field 
difficult.     
The estuaries from the cool temperate region contributed the most to the increase in the number of 
taxa in the first update. This is mostly due to the fact that this bioregion has the largest estuarine 
habitat in South Africa which includes the largest supratidal and intertidal salt marsh area and 2) to 
the fact that some estuaries are studied in greater detail. The greatest number of taxa was also 
added to this region the Berg (Groot) Estuary had the greatest species richness compared to all other 
estuaries updated. This estuary also has the greatest diversity compared to all other South African 
salt marshes.  The focus on larger estuaries and the big research projects has led to the recording of 
more species. In the Berg River Baseline Monitoring Programme of 2007 Boucher and Jones did a full 
taxonomic survey of the salt marsh. The Berg Estuary is also important for the protection of the 
ndangered salt marsh macrophyte Limonium depauperatum. 
 In the Warm Temperate estuaries the update resulted in the highest increase in the percentage of 
species added to the database. This can be explained by the lack of taxonomic investigations and 
environmental studies on these systems that have resulted in inadequate and out dated information 
on species. It therefore appears that estuarine research and consequently management is directed at 
estuaries that are larger. In the subtropical estuaries 12 unique species were added from the St Lucia 
Estuary.  
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Macroalgae taxa (50) were added only for the Warm temperate region.  This number could increase 
if more research on the occurrence of macroalgae in South African estuaries is conducted. A minor 
change to the number of species in the database is due to taxonomic revisions of species and the 
addition of newly described species. Tracking species name changes is essential when species are 
used as indicators of environmental change as South African estuaries and associated salt marshes 
are diverse in macrophyte composition.  
This diversity is unequally distributed biogeographically and between different estuarine 
classification types. Most of the diversity is found in larger estuaries. This includes the Berg (Groot), 
Uilkraals, Olifants, St Lucia, Knysna and Swartkops estuaries. This great diversity in species can be 
attributed to the great habitat area allowing for more species to colonize these systems. However, all 
of these systems, with the exception of the St Lucia Estuary, have no formal protection. Estuarine 
managers need to be aware of the species diversity in different estuarine types as well as the 
associated impacts on them. Planning must therefore include species.  Diagnostic features of INTKEY 
indicated that all 57 taxa were distinguishable from each other. Plant height, and not floral 
morphology, is the best characteristic to distinguish species from each other. Considering the wide 
range of taxa occurring over a range of habitats it is expected that species will be different in height. 
The estuarine habitat is also an important ecological character that can be used to identify species.  
This study does however have some weaknesses:  
1. For most species only a single or two characters were measured. This may not have been enough 
to accurately investigate the relationships between morphology and environmental factors. This 
is particularly true for Sporobolus virginicus where no relationship between environmental 
characters and morphology was found.  
2. Species were not collected at all sites. In some cases, for example the Kowie and Great Brak 
estuaries, some species were not collected at all as well as not along the length of the estuary. 
This was primarily due to time constraints. 
3. Sediment parameters were not collected for all sites. Even though the sediment analysed from 
the Swartkops and Knysna estuaries revealed some correlations with morphology it may not be 
sufficient to adequately draw conclusions about the ecomorphology of salt marsh species.  
4. The collections of plants were extremely destructive. Salt marshes like that of the East 
Kleinemonde Estuary suffer from natural loss of salt marsh area due to high water levels. 
Removing hundreds of plants could be harmful to the entire system.     
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5. Uneven research with taxonomic focus on certain systems. This is particularly true for systems 
such as the Berg and Uilkraals Estuary where full taxonomic surveys were done making these 
systems appear to have greater species richness. 
6. Inadequate sampling of estuaries. The database update only includes 53, or so, estuaries 
surveyed. To make holistic conclusions about the distribution of species from this dataset might 
be risky. 
     
The following are recommendations for further study: 
1. Results from this study indicated that estuarine macrophytes do show morphological variation 
over a wide geographical range. It would be interesting to study this variation in the three 
biogeographical regions. In Section 2 it was determined that there are certain species that occur 
in all three bioregions. These species would be ideal to study ecotypic variation across these 
areas. In such a study a greater suite of morphological characters and environmental parameters 
should be incorporated. The results from such a study may also be of taxonomic importance.  
2. The information from this study in conjunction with other environmental variables can be used 
to determine the response of different species under different climate change scenarios.  
3. The recent taxonomic reviews as well as the taxonomic descriptions generated from the DELTA 
software in section 2 can be used to accurately identify estuarine macrophytes. This means that 
ecophysiological studies can be done on some species. Results from the current study showed 
that the morphology and flowering of Sarcocornia decumbens are influenced by environmental 
factors. This is also a species that has not been studied with regard to its ecophysiology. Research 
on the effect of inundation on salt marsh seedling establishment and the salinity tolerance of 
Sarcocornia decumbens is recommended to better understand the responses of the plants to 
environmental changes. The same is recommended for Triglochin elongata.  
4. Full taxonomic surveys of all estuaries are required. This information will not only be important in 
the conservation and management of our estuaries but lead to the identification of undescribed 
species, or the revision of certain taxa that are difficult to diagnose.  
5. Continuous update of the Estuarine Botanical database. This is important to track changes in 
estuaries, to ask questions about the distribution of species and to convey information for 
management. 
6. The information from this project should be used, as a starting point, to conserve systems on the 
basis of species. 
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8. Appendices 
8.1.Appendix A: Sediment results from the Knysna and Swartkops estuaries for each species (N=3).   
 Moisture content 
(%) 
Organic content  
(%) 
Redox potential 
(mV) 
pH EC(mS.cm-1)  Temp 
(°C) 
Bassia diffusa        
SWL 22.15 2.53 -141.33 7.19 39.02 18.90 
SWM 9.98 1.53 230.67 7.83 18.06 18.90 
SWU 10.69 1.55 252.00 7.47 20.48 18.90 
KNL 13.83 3.58 194.33 7.82 8.22 20.40 
KNM 24.70 5.54 165.67 7.90 16.00 20.40 
KNU 20.55 4.63 109.67 6.93 38.77 20.40 
Juncus kraussii       
KNL 27.27 5.21 124.67 7.31 26.89 20.4 
KNM 12.32 0.45 -135.00 8.68 34.93 20.40 
KNU 8.09 0.72 -191.00 7.34 3.93 20.40 
Sarcocornia decumbens       
SWL 11.09 1.51 183.33 8.27 24.37 18.90 
KNL 6.13 0.86 159.00 9.20 2.92 20.40 
Sarcocornia pillansii       
SWL 15.64 1.82 -91.67 7.75 17.80 24.2 
SWM 8.95 0.98 90.67 7.91 24.23 20.40 
SWU 15.93 4.44 282.33 6.41 17.94 20.40 
KNL 8.31 1.35 137.33 8.58 48.37 18.90 
KNM 15.91 2.90 216.67 7.33 20.82 18.90 
KNU 6.76 1.40 289.33 6.87 32.48 18.90 
Sarcocornia tegetaria       
SWL 19.05 1.49 42.33 7.96 34.10 18.90 
SWM 9.48 1.13 278.00 8.06 33.93 18.90 
SWU 10.69 1.55 252.00 7.47 20.48 18.90 
KNL 9.46 0.57 -193.00 8.04 41.97 20.40 
KNM 21.65 4.12 97.67 7.74 30.49 20.40 
KNU 23.58 4.00 143.33 6.96 9.75 20.40 
Spartina maritima       
SWL 30.13 3.60 -250.00 7.66 32.43 18.90 
SWM 21.78 7.61 112.00 7.96 25.81 18.90 
SWU 10.52 3.09 196.67 7.71 37.37 18.90 
KNL 15.57 1.56 -208.00 7.27 26.32 20.40 
KNM 11.93 1.69 -248.67 7.03 33.23 20.40 
KNU 10.38 0.72 -44.33 7.83 38.20 20.40 
Sporobolus virginicus        
SWL 20.56 1.41 -176.33 7.80 31.73 18.90 
KNL 20.55 4.63 109.67 6.93 38.77 20.40 
KNM 23.58 4.00 143.33 6.96 9.75 20.40 
KNU 6.13 0.86 159.00 9.20 2.92 20.40 
Triglochin striata        
SWL 10.88 1.39 174.67 8.24 33.85 18.90 
SWM 22.15 2.53 -141.33 7.19 39.02 18.90 
SWU 4.83 0.97 82.00 8.57 37.64 18.90 
KNL 13.09 2.23 131.00 7.83 18.12 20.40 
KNM 8.95 0.98 90.67 7.91 24.23 20.40 
KNU 18.81 2.94 4.00 6.80 34.67 20.40 
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8.2.Appendix B: Information from the Estuarine Botanical database as used in this project.  
 
Table 8.2.1: Species details as taken from the Estuarine Botanical Database.  
 
Macrophyte species  Intraspecific taxon Old name Common name Family  Habitat 
Acrostichum aureum L.   Mangrove fern Polypodiaceae Mangrove 
Alternanthera sessilis (L.) R. Brown ex. A. P. De Candolle   Amaryllidaceae Swamp, Supratidal salt 
marsh, 
Apium prostratum Vent.   Marshwort Apiaceae Intertidal salt marsh 
Aster squamatus (Spreng.) Hieron.     Asteraceae  
Atriplex cinerea Poir   Grey saltbush Chenopodiaceae Supratidal salt marsh  
Atriplex semibaccata R.Br.    kruipsoutbos Chenopodiaceae Supratidal salt marsh  
Atriplex vestita (Thunb.) Aellen    Salt bush Chenopodiaceae Supratidal salt marsh  
Avicennia marina (Forsk.) Vierh.   Gray Mangrove, Grey Avicennia, Grey 
Mangrove 
Avicenniaceae Mangrove 
Bachelotia antillarum (Grunow) 
Gerloff 
   Pylaiellaceae Channel 
Barringtonia racemosa (L.) Sprengel.    Lagoon mangrove Lecythidaceae Mangrove 
Bassia diffusa (Thunb.) Kuntze  Chenolea diffusa Thunb. Soutbossie Chenopodiaceae Intertidal salt marsh 
Berula erecta (Huds.) Coville    Tandpynwortel Apiaceae Channel 
Blidingia marginata (J. Agardh) P.J.L. Dangeard   Kornmanniaceae Channel 
Bolboschoenus maritimus (L.) Palla  Scirpus maritimus L.  Snygras, snyruigte, sea club rush Cyperaceae Reeds and sedges 
Bostrychia intricata (Bory de Saint-Vincent) Montagne    Rhodomelaceae Channel 
Bromus pectinatus Thunb.   hooigras, hawergras Poaceae Supratidal salt marsh  
Bruguiera gymnorrhiza (L.) Lam.   Black Mangrove Rhizophoraceae Mangrove 
Bryopsis africana Areschoug    Sea moss Bryopsidaceae Channel 
Caloglossa leprieurii (Montagne) G. Martens   Delesseriaceae Channel 
Carex clavata Thunb.    Cyperaceae Reeds and Sedges 
Carex ecklonii Nees.    Cyperaceae Reeds and Sedges 
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Macrophyte species  Intraspecific taxon Old name Common name Family  Habitat 
Carpobrotus acinaciformis (L.) L.Bol.    Suurvy Mesembryanthemaceae Supratidal salt marsh  
Carpobrotus edulis (L.) L.Bolus    Suurvy Mesembryanthemaceae Supratidal salt marsh  
Caulacanthus ustulatus (Mertens ex Turner) Kützing   Caulacanthaceae Channel 
Caulerpa filiformis (Suhr) K. Hering   strap cualerpa Caulerpaceae Channel 
Centella asiatica (L.) Urb.    Waternael Araliaceae Supratidal fringe 
Centroceras clavulatum (C. Agardh) Montagne  Curl-claw Ceramiaceae Channel 
Cerastium capense Sond.    horingblom Caryophyllaceae Supratidal fringe 
Ceriops tagal (Perr.) C.B.Rob.   Spurred Mangrove Rhizophoraceae Mangrove 
Chaetomorpha Kützing   hair weeds Cladophoraceae Channel 
Chaetomorpha  capilaris (Kützing) Børgesen   hair weeds Cladophoraceae Channel 
Chaetomorpha  linum (O.F. Müller) Kützing  hair weeds Cladophoraceae Channel 
Chamaesyce sp. Linnaeus     Euphorbiaceae Supratidal fringe 
Chara sp  Linnaeus    Charophyceae Submerged 
macrophytes  
Chenopodium album L.    Lamb´s Quarter Chenopodiaceae Supratial salt marsh 
Cladophora Kützing    Cladophoraceae Channel 
Cladophora glomerata (Linnaeus) Kützing    Cladophoraceae Channel 
Cladoraphis cyperoides (Thunb.) S.M. Phillips   Bristly Lovegrass Poaceae Supratidal fringe   
Codium duthieae P.C. Silva    Upright codium Codiaceae Channel 
Codium extricatum P.C. Silva   Upright codium Codiaceae Channel 
Codium lucasii  subsp. capense P.C. Silva  Lucas' codium Codiaceae Channel 
Codium tenue (Kützing) Kützing    Codiaceae Channel 
Colpomenia sinuosa  (Mertens ex Roth) Derbès & Solier 
 
 Oyster thief Scytosiphonaceae Channel 
Conyza scabrida DC.  Conyza ivaefolia(L.) (Less.) oondbos, bakbos, paddabos (A) Asteraceae Supratidal fringe 
Cotula coronopifolia L.    salt marsh cotula, Eendekos  Asteraceae Intertidal salt marsh 
Cotula filifolia Thunb.    salt marsh cotula, Eendekos  Asteraceae Intertidal salt marsh 
Cotula turbinata L.   salt marsh cotula, Eendekos  Asteraceae Intertidal salt marsh 
Crassula expansa [Soland.]    strepieskrassula Crassulaceae Supratidal salt marsh  
Crassula glomerata P. J.Bergius    Crassulaceae Supratidal salt marsh  
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Cynodon dactylon (L.) Pers.   Kweekgras  Poaceae Supratidal salt marsh  
Cyperus laevigatus L.  Juncellus laevigatus (L.) 
C.B.Clarke 
Smooth flatsedge Cyperaceae Reeds and sedges 
Cyperus textilis Thunb.     Matjiesgoed Cyperaceae Reeds and sedges 
Cyperus thunbergii Vhal  Mariscus thunbergii (Vahl.) 
Schrad 
Umbrella-sedge Cyperaceae Reeds and sedges 
Delosperma crassum L.Bolus    Ice plant Mesembryanthemaceae Supratidal fringe   
Derbesia hollenbergii W.R. Taylor    Derbesiaceae Channel 
Derbesia marina Lyngbye) Solier     Derbesiaceae Channel 
Dictyota dichotoma (Hudson) J.V. Lamouroux   Dictyotaceae Channel 
Didelta carnosa Aiton    Seegousblom,thorny salad bush, 
slaaibos, perdebos 
Asteraceae Surpratidal salt marsh 
Dischisma arenarium E. Mey   Wooly-headed dischisma Scrophulariaceae Surpratidal salt marsh 
Disphyma crassifolium (L.) L. Bolus   Round-leaf pigface Mesembryanthemaceae Surpratidal salt marsh 
Drosanthemum delicatulum Schwantes   Ice plant Mesembryanthemaceae Surpratidal salt marsh 
Drosanthemum diversifolium L.Bolus    Ice plant Mesembryanthemaceae Surpratidal salt marsh 
Drosanthemum floribundum (Haw.) Schwantes   Rosea ice plant Mesembryanthemaceae Surpratidal salt marsh 
Drosanthemum parvifolium 
Schwantes  
  Ice plant Mesembryanthemaceae Surpratidal salt marsh 
Drosanthemum sp  Schwantes    Ice plant Mesembryanthemaceae Surpratidal salt marsh 
Ectocarpus fasciculatus Harvey    Ectocarpaceae Channel 
Ectocarpus siliculosus (Dillwyn) Lyngbye   Ectocarpaceae Channel 
Ectocarpus sp  Lyngbye    Ectocarpaceae Channel 
Ehrharta delicatula (Nees) Stapf    Veldtgrass Poaceae Supratidal fringe   
Ehrharta villosa Schult.f.  var. villosa  Veldtgrass Poaceae Supratidal fringe   
Eichhornia crassipes (Mart.) Solms    common water hyacinth Pontederiaceae Channel 
Elegia stipularis Mast   cushion restio Restionaceae Reeds and sedges 
Elegia tectorum (L.f.) Moline & H.P.Linder   Chondropetalum tectorum 
(L.f.) Raf. 
Cape Thatching Reed,  Dakriet  Restionaceae Reeds and sedges 
Eleocharis limosa (Schrad.) Schult.     Spikerush Restionaceae Reeds and sedges 
Endarachne binghamiae J. Agardh   Habonori Scytosiphonaceae Channel 
Enteromorpha bulbosa (Suhr) Montagne    Ulvaceae Channel 
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Macrophyte species  Intraspecific taxon Old name Common name Family  Habitat 
Eragrostis curvula (Schrad.) Nees    lovegrass Poaceae Supratial salt marsh 
Eragrostis sp. Wolf   lovegrass Poaceae Supratial salt marsh 
Eriocephalis capitellatus DC.   Wild rosemary Asteraceae Supratidal fringe 
Euphorbia sp.Linnaeus   Spurge  Euphorbiaceae Supratidal fringe 
Felicia hyssopifolia (Berg.) Nees    Hyssop leaf blue marguerite Asteraceae Supratidal fringe   
Ficinia lateralis (Vahl) Kunth  Scirpus nodosusRottb. Triangular club rush Cyperaceae Reeds and sedges 
Ficinia nodosa (Rottb.) Goetgh. Muasya & D.A. Simpson  Vleibiesie Cyperaceae Reeds and sedges 
Ficinia pygmaea Boeck.    Cyperaceae Reeds and sedges 
Ficus spp. Linnaeus   Fig Moraceae Supratidal fringe 
Frankenia capitata Webb & Berthel.    Sea heath Frankeniaceae Supratidal salt marsh 
Frankenia repens (P.J.Bergius) Fourc.    Sea heath Frankeniaceae Supratidal salt marsh 
Galenia sarcophylla Fenzl    Beslyn, Porselein Aizoaceae Supratidal salt marsh 
Galenia secunda (L.f.) Sond.   Vanwyksopslag Aizoaceae Supratidal salt marsh 
Galium capense Thunb.   kleefgras Rubiaceae Supratidal salt marsh 
Gelidiella Feldmann & G. Hamel    Gelidiellaceae Channel 
Gelidium pristoides  (Turner) Kützing   Saw-edge jelly-weed Gelidiellaceae Channel 
Gelidium reptans  (Suhr) Kylin   kanten weed Gelidiellaceae Channel 
Gracilaria verrucosa (Hudson) Papenfuss  Agar-weed Gracilariaceae Channel 
Gymnosporia buxifolia (L.) Szyszyl.    Brommerbos, stinkpendoring Celestraceae Supratidal fringe   
Halophila ovalis (R. Brown) J. D 
Hooker 
  Paddle weed Hydrocharitaceae Submerged 
macrophytes  
Hibiscus tiliaceus L.  subsp. Tiliaceus  Lagoon Hibiscus Malvaceae Mangrove 
Hordeum marinum Huds.    sea-side barley  Poaceae Supratidal fringe 
Hypnea rosea Papenfuss   Rosy curled hypnea Cystocloniaceae Channel 
Hypnea viridis Papenfuss    Iridescent hypnea Cystocloniaceae Channel 
Isolepis cernua (Vahl) Roem. & 
Schult. 
var. Cernua   Mop-grass Cyperaceae Reeds and sedges 
Isolepis verrucolsa (Steud.) Nees   Mop-grass Cyperaceae Reeds and sedges 
Iyengaria stellata (Børgesen) 
Børgesen 
  Starred cushion Scytosiphonaceae Channel 
Juncus acutus L.  subsp. leopoldii (Parl.)  Spiny rush Juncaceae Reeds and sedges 
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Macrophyte species  Intraspecific taxon Old name Common name Family  Habitat 
Snogerup 
Juncus kraussii Hochst.  subsp. kraussii  Dune slack sharp-rush Juncaceae Reeds and sedges 
Juncus littoralis   Sharp rush Juncaceae Reeds and sedges 
Juncus scabrisculus Kunth   Rush Juncaceae Reeds and sedges 
Kniphofia uvaria (L.) Oken    Red-hot poker Asphodelaceae Supratidal fringe 
Lepidium africanum (Burm.f.)DC.    kanariesaadgras Brassicaceae Supratidal fringe 
Leptochloa fusca (L.) Kunth    Kuilgras Poaceae Supratidal salt marsh  
Limonium depauperatum (Boiss) R.A. Dyer   Papierblom Plumbaginaceae Supratidal salt marsh  
Limonium kraussianum  Kuntze    Sea lavender Plumbaginaceae Supratidal salt marsh  
Limonium linifolium (L.f.) Kuntze  var. linifolium  Sea lavender Plumbaginaceae Supratidal salt marsh  
Limonium linifolium (L.f.) Kuntze  var. maritimum (Eckl.& 
Zeyh.) 
 Sea lavender Plumbaginaceae Supratidal salt marsh  
Limonium scabrum (L.f.) Kuntze  var. avanaceum 
(C.H.Wright) R.A.Dyer 
 Sea lavender Plumbaginaceae Supratidal salt marsh  
Limonium scabrum (L.f.) Kuntze  var. corymbulosum 
(Boiss.) R.A.Dyer 
 Sea lavender Plumbaginaceae Supratidal salt marsh  
Limonium scabrum (L.f.) Kuntze  var. scabrum  Sea lavender Plumbaginaceae Supratidal salt marsh  
Lolium multiflorum Lam.    Italiaanse raaigras Poaceae Supratidal salt marsh  
Lolium rigidum Guadin   Italiaanse raaigras Poaceae Supratidal salt marsh  
Lumnitzera racemosa Wild.    Tonga Mangrove  Combretaceae Mangrove 
Lycium cinereum Krauss ex Dunal 
 
  Desert thorn Solanaceae Supratidal salt marsh  
Lycium tetrandrum Thunb   Desert thorn Solanaceae Supratidal salt marsh  
Malephora framesii L.Bolus) Jacobsen & Schwantes   Fygie, mesemb Mesembryanthemaceae Supratidal salt marsh  
Mesembryanthemum crystallinum Linnaeus  Crystaline iceplant Mesembryanthemaceae Supratidal salt marsh  
Mesembryanthemum sp Linnaeus   Ice plant Mesembryanthemaceae Supratidal salt marsh  
Micranthus junceus (Baker) N.E.Br.    Tulp Iridaceae Supratidal fringe 
Monostroma Thuret     Gomontiaceae Channel 
Moquiniella rubra (A.Spreng.) Balle    mistletoe  Loranthaceae  Supratidal fringe 
Moraea lewisiae (Goldblatt) 
Goldblatt  
  Tulp Iridaceae Supratidal fringe 
Nidorella foetida (L.) DC.    Vleikruid Asteraceae Supratidal fringe 
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Macrophyte species  Intraspecific taxon Old name Common name Family  Habitat 
Nylandtia spinosa (L.) Dumort.    skilpadbessie Polygalaceae Supratidal fringe 
Odyssea paucinervis (Nees) Stapf    Brakkweek Asteraceae Supratidal fringe 
Oncosiphon suffruticosum(L.) Källersjö   knoppiesstinkkruid Asteraceae Supratidal fringe 
Ornithogalum sp   chinkerinchee Hyacinthaceae Supratidal fringe 
Orphium frutescens (L.) E.Mey.   African pink gentian Gentianaceae Supratidal fringe 
Oxalis pes-caprae   sorrel, geelsuring,  Oxalidaceae Supratidal fringe 
Panicum sp   gewone buffelsgras Poaceae Supratidal salt marsh  
Parapholis incurva (L.) C.E. Hubb   Coast Barbgrass  Poaceae Supratidal salt marsh  
Paspalum distichum L.    buffelskweekpaspalum Poaceae Supratidal salt marsh  
Pennisetum clandestinum Hochst. Ex Chiov.  kikuyu Poaceae Supratidal salt marsh  
Percusaria  sp C.Agardh    Chlorophyceae Channel 
Persicaria lapathifolia (L.) Gray    waterduisendknoop Polygonaceae Swamps 
Phragmites australis (Cav.) Steud.   fluitjiesriet Poaceae Intertidal salt marsh 
Plantago crassifolia Forssk. var. crassifolia  Sea Plantain    Plantaginaceae Supratidal salt marsh  
Poeciolepis ficoidea (DC.) Grau   Knotweed Asteraceae Supratidal salt marsh  
Polygonum aviculare L.    Polygonumaceae  
Polypogon monspliensis (L.) Desf.   Baard gras Poaceae Supratidal salt marsh 
Polysiphonia Greville   Kelp fern Rhodomelaceae Channel 
Polysiphonia incompta Harvey   Kelp fern Rhodomelaceae Channel 
Polysiphonia kowiensis Stegenga, Bolton & R.J  Kelp fern Rhodomelaceae Channel 
Polysiphonia tepida Hollenberg   Kelp fern Rhodomelaceae Channel 
Porphyra capensis Kützing     Putple laver Bangiaceae Channel 
Stuckenia pectinata (L.) Boerner   Potamogeton pectinatus L.  Potamogetonaceae Submerged 
macrophytes  
Prionium serratum (L.f.) Drége ex E.Mey.  Palmiet Prionaceae  
Psilocaulon coriarium (Burch. ex N.E.Br.) N.E.Br.   litjiesganna, litjiesvye, loogasbossie Mesembryanthemaceae Supratidal salt marsh 
Psilocaulon dinteri Schwantes  
 
  litjiesganna, litjiesvye, loogasbossie Mesembryanthemaceae Supratidal salt marsh 
Pteronia glabrata   dassiepisbos, spalkpenbos Asteraceae Supratidal fringe 
Pteronia uncinata DC.    dassiepisbos, spalkpenbos Asteraceae Supratidal fringe 
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Pterosiphonia cloiophylla (C. Agardh) Falkenberg   Rhodomelaceae Channel 
Puccinella angusta (Nees) C. Presl.    salt marsh-grass Poaceae Supratidal salt marsh 
Pycreus polystachyos (Rottb.) 
P.Beauv.  
var. polystachyos  flatsedge Cyperaceae Reeds and sedges 
Rhizoclonium lubricum Setchell & N.L. Gardner   Cladophoraceae Channel 
Rhizoclonium riparium (Roth) Harvey    Cladophoraceae Channel 
Rhizophora mucronata Lamarck ex Poiret  Red mangrove Rhizophoracee Mangrove 
Romulea sp.   Froetang Iriadaceae Supratidal fringe 
Romulea tabularis Eckl. Ex Beg    Blou froetang Iriadaceae Supratidal fringe 
Ruppia cirrhosa (Pentag.) Grande   Estuarine pondweed Ruppiaceae Submerged 
macrophytes  
Ruppia maritima L.   Estuarine pondweed Ruppiaceae Submerged 
macrophytes  
Ruschia glauca L.Bolus    vyebos Mesembryanthemaceae Supratidal salt marsh 
Ruschia lineolata (Haw.) Schwantes   vyebos Mesembryanthemaceae Supratidal salt marsh 
Ruschia subpaniculata L. Bolus    vyebos Mesembryanthemaceae Supratidal salt marsh 
Ruschia tenella Schwantes    vyebos Mesembryanthemaceae Supratidal salt marsh 
Salicornia meyeriana Moss.   Marsh Samphire Chenopodiaceae Intertidal salt marsh 
Salicornia uniflora Toelken   Marsh Samphire Chenopodiaceae Intertidal salt marsh 
Salsola aphylla Spreng.   Loog-asganna Chenopodiaceae Supratidal salt marsh 
Salsola kali (Pallas) Mosyakin    Rolbos Chenopodiaceae Supratidal salt marsh 
Samolus porosus (L.f.) Thunb.    salt marsh samolus Primulaceae Intertidal salt marsh 
Sarcocornia decumbens (Toelken) A.J. Scott  Samphire, glasswort, saltwort Chenopodiaceae Intertidal salt marsh 
Sarcocornia dunensis (Moss) S. Steffen, Mucina & G. Kadereit  Samphire, glasswort, saltwort Chenopodiaceae Intertidal & Supratidal 
salt marsh 
Sarcocornia natalensis (Bunge ex. 
Ung-Sternb.) A.J.Scott 
subsp. natalensis  Samphire, glasswort, saltwort Chenopodiaceae Intertidal salt marsh 
Sarcocornia natalensis (Bunge ex. 
Ung-Sternb.) A.J.Scott 
subsp. affinis (Moss) S. Steffen, Mucina & G. Kadereit Samphire, glasswort, saltwort Chenopodiaceae Intertidal salt marsh 
Sarcocornia tegetariaS. Steffen, Mucina & G. Kadereit Sarcocornia perennis(Mill.) 
A.J. Scott  
Samphire, glasswort, saltwort Chenopodiaceae Intertidal salt marsh 
Sarcocornia pillansii (Moss) A.J.Scott    Samphire, glasswort, saltwort Chenopodiaceae Supratidal salt marsh 
Sarcocornia capensis (Moss) A.J. Scott  Samphire, glasswort, saltwort Chenopodiaceae Supratidal salt marsh 
Sarcocornia littorea (Moss) A.J. Scott   Samphire, glasswort, saltwort Chenopodiaceae Supratidal salt marsh 
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Sarcocornia mossiana (Tölken) A. J. Scott  Samphire, glasswort, saltwort Chenopodiaceae Supratidal salt marsh 
Schoenoplectus  tabernaemontani (C.C. Gmel.) Palla Schoenoplectus lactustris L. softstem bulrush Cyperaceae Reeds and sedges 
Schoenoplectus  triqueter f. Oppei (Weihe) Soό Scirpus triqueter L. Triangular club rush Cyperaceae Reeds and sedges 
Schoenoplectus scirpoideus (Schrad.) Browning   Bulrush Cyperaceae Reeds and sedges 
Scirpoides nodosus (Rottb.) sojak   Bulrush Cyperaceae Reeds and sedges 
Scirpus littoralis Schrad   Bulrush Cyperaceae Reeds and sedges 
Sebaea albens (L.f.) Roem. & Scott    Gentianaceae Supratidal fringe 
Senecio burchellii DC.    gifbossie Asteraceae Supratidal fringe 
Senecio elegans L.   wild cineraria, wilde-sineraria Asteraceae Supratidal fringe 
Senecio littoreus Thunb.   gifbossie Asteraceae Supratidal fringe 
Senecio sarcoides C.Jeffrey    gifbossie Asteraceae Supratidal fringe 
Sesbania punicea (Cav.) Benth.   Sesbane Fabaceae Supratidal fringe 
Silene clandestina Jaq.   Joppies Caryophyllaceae Supratidal fringe 
Spartina alterniflora  Loiseleur   Cord grass Poaceae Intertidal salt marsh 
Spartinia maritima (M. A. Curtsis) 
Fern 
  Small cord grass Poaceae Intertidal salt marsh 
Spergularia media (L.) C.Presl ex Griseb    Caryophyllaceae Supratidal salt marsh 
Spergularia rubra (L.). J. Presl. C. Presl.    Caryophyllaceae Supratidal salt marsh 
Sphacelaria brachygonia Montagne    Sphacelariaceae Channel 
Sphacelariasp. Lyngbye    Sphacelariaceae Channel 
Sporobolus virginicus (L.) Kunth.   Seashore drop seed Poaceae Intertidal salt marsh 
Stenotaphrum secundatum (H. Walter) Kuntze  Buffalo grass Poaceae Supratidal salt marsh 
Stilophora flanaganii Kylin     Chordariaceae Channel 
Strelizia nicolai Regel & Koern   Natal wild banana Strelitziaceae Supratidal fringe 
Suaeda inflata Aellen    Seablite Chenopodiaceae Supratidal fringe 
Sueda sp   Seablite Chenopodiaceae Supratidal fringe 
Tetragonia decumbens Mill.    Dune weed Aizoaceae Supratidal fringe 
Tetragonia fruticosa L.    Dune weed Aizoaceae Supratidal fringe 
Trachyandra divaricata (Jacq.) Kunth    Duinekool Asphodelaceae Supratidal fringe 
Tribolium hispidum (thunb.) Desv.   Koringgras Poaceae Supratidal salt marsh 
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Triglochin buchenaui Ko¨cke, Mering & Kadereit Triglochin bulbosa L.  Arrow grass Juncaginaceae Intertidal salt marsh 
Triglochin bulbosa L.  subsp. calcicola Ko¨cke, Mering & Kadereit Arrow grass Juncaginaceae Intertidal salt marsh 
Triglochin bulbosa L.  subsp. quarcicola Ko¨cke, Mering & Kadereit Arrow grass Juncaginaceae Intertidal salt marsh 
Triglochin elongata Buchenau   Arrow grass Juncaginaceae Supratidal salt marsh  
Triglochin striata Ruiz & Pav.    Arrow grass Juncaginaceae Intertidal salt marsh 
Typha capensis (Rohrb.) N.E.Br.     Typhaceae Intertidal salt marsh 
Ulva capensis  J.E. Areschoug    Sea lettuce Ulvaceae Channel 
Ulva compressa Linnaeus   Sea lettuce Ulvaceae Channel 
Ulva flexuosa Wulfen    Sea lettuce Ulvaceae Channel 
Ulva intestinalis L.  Enteromorpha intestinalis 
L.Nees 
Green sea intestines Ulvaceae Channel 
Ulva lactuca   Green sea intestines Ulvaceae Channel 
Ulva linza Linnaeus   Green sea intestines Ulvaceae Channel 
Ulva prolifera O.F. Muller    Green sea intestines Ulvaceae Channel 
Ulva rigida C. Agardh   Green sea intestines Ulvaceae Channel 
Vanzijlia annulata (A.Berger) L.Bolus    Mesembryanthemaceae Supratidal salt marsh 
Xanthium strumarium L.   cocklebur Asteraceae Supratidal fringe 
Zaluzianskya villosa (Thunb.) F.W. Schmidt  Horned pond weed Scrophulariaceae Supratidal fringe 
Zannichellia palustris L.  Zannichellia aschersoniana 
Graebner 
Horned pond weed Zannichelliaceae Submerged 
macrophytes 
Zostera capensis Setch.   Eelgrass Zosteraceae Submerged 
macrophytes 
Zygophyllum morgsana Linnaeus   skilpadbos, spekbos Zygophyllaceae Supratidal salt marsh 
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Table 8.2.2. List of characters used in constructing the salt marsh macrophyte identification key. 
1. Flowering plant  
1. True  
2. False  
  
2. Growth form  
1. Phanerophyte  
2. Chamaephyte  
3. Hemicryptophyte  
4. Hydrophyte  
5. Forbs  
6. Creeper  
7. Epiphyte  
8. Therophyte- annuals  
  
3. Growth from 
(Phanerophyte)  
1. tree  
2. shrub  
3. subshrub  
  
4. Plant height/length  
1. greater than 0 cm  
2. 5 to 25 cm  
3. 5 to 20 cm  
4. 5 to 30 cm  
5. 5 to 50 cm  
6. 5 to 100 cm  
7. 5 to 100 cm or greater  
8. 10 to 20 cm  
9. 10 to 40 cm  
10. 10 to 60 cm  
11. 10 to 90 cm  
12. 10 to 100 cm  
13. 15 to 30 cm  
14. 20 to 30 cm  
15. 20 to 60 cm  
16. 20 to 70 cm  
17. 20 to 90 cm  
18. 20 to 100 cm or 
greater  
19. 30 to 40 cm  
20. 30 to 50 cm  
21. 30 to 60 cm  
22. 40 to 90 cm  
23. 40 to 100 cm or 
greater  
24. 50 to 100 cm  
25. 60 to 70 cm  
26. 60 to 80 cm  
27. 60 to 100 cm  
28. 80 to 100 cm  
29. greater than 100 cm  
  
5. stem (types)  
1. upright  
2. decumbent  
3. repent  
4. soboliferous  
5. supine  
  
6. stem (branching patterns)  
1. random  
2. dichotomous  
3. monopodial  
4. sympodial  
  
7. stem (colour)  
1. brown  
2. white  
3. grey  
4. green  
5. yellow  
6. black  
7. greyish brown to pink 
with white blotches  
8. reddish brown  
9. greyish-green  
  
8. Stem (cross-section)  
1. circular  
2. triangular  
3. four angled  
4. star shaped  
5. circular stem with 
latex  
6. hollow stems  
  
9. stem (modified)  
1. bulb  
2. runner  
3. photosynthetic  
4. rhizome  
5. rhizomes whitish to 
beige with 
bracts  
6. rhizome horizontal  
7. rhizome extremely 
abbreviated, 
inconspicuous  
8. rhizome thick 
compact, woody, with 
hairy roots  
9. segments (fused 
internodes)  
10. stolon  
  
10. Stems (modified as 
segments) (width (mm) X 
length (mm))  
1. 8-15 mm long by 3-4 mm 
(fresh) wide  
2. 8-18 mm long by 2-3 (-5) 
mm (fresh) wide  
3. 11-20 mm long by 2-5 mm 
(fresh) wide  
4. 7-22 mm long by 2-4 mm 
(fresh) wide  
5. 7-15 mm long by 2-5 mm 
(fresh) wide  
6. 8-20 mm long, 2-4 mm 
(fresh) wide  
7. 2-3 mm, rarely up to 5 mm 
long by 2-4 mm (dried and 
fresh) wide  
  
11. Stems (modified as 
segments) (shape)  
1. obconical  
2. cylindrical  
3. barrel-shaped  
4. boat shaped  
5. very short  
  
12. Stems (modified as 
segments) (orientation)  
1. keeled  
2. slightly keeled  
3. distinctly keeled  
4. not keeled  
  
13. stem (modified as culms)  
1. culms green  
2. glabrous at nodes  
3. smooth  
4. green and loosely 
tufted  
5. green, cylindrical, with 
sharp points  
6. stiff, 3-sided and solid  
7. with several basal 
sheaths and 2-6 basal 
leaves  
8. rigid with 1-2 basal 
sheaths and 1-8 basal 
leaves  
9. solitary, greyish-green, 
sharply 3-angled below 
the inflorescence  
10. with basal nodes  
  
14. leaves (types)  
1. absent or reduced  
2. simple  
3. trifoliolate  
4. two-foliolate  
5. palmate  
6. bipalmate  
7. tripalmate  
8. pinnate  
9. bipinnate  
10. tripinnate  
11. paripinnate  
12. imparipinnate  
  
15. Leaves (arrangement)  
1. spirally  
2. alternate  
3. opposite  
4. decussate  
5. whorled  
6. pseudo-whorls  
7. fascicled  
8. equitant  
9. sessile  
10. sheathing  
11. leaves arranged in 
two opposite rows  
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12. in pairs or small 
rosettes at nodes  
13. leaf sheaths wrapped 
around stem  
14. mostly in basal 
rosettes  
15. basal, slightly shorter 
than stem  
16. basal with leaf bases 
covered by soft, whitish 
to brown fibres  
17. 2-6 basal leaves 
about 25-100 cm long  
18. tightly pressed 
against the stem with 
shiny basal sheaths  
19. reduced to 1-3 
sheaths  
20. reduced to 2 or 3 
greyish-brown sheaths 
that split into fibres  
21. uniform, thickened at 
base but not forming a 
bulb  
  
16. leaves (posture)  
1. flat  
2. recurved  
3. incurved  
4. undulate  
5. geniculate  
6. plicate  
7. slightly involute  
8. revolute  
9. terete  
10. strongly folded  
  
17. leaves (shape)  
1. acicular  
2. linear  
3. linear with apex 
pointed  
4. linear with apex 
rounded  
5. needle-like  
6. subulate  
7. lanceolate  
8. ovate  
9. oval  
10. oblong  
11. obovate  
12. elliptic  
13. oblanceolate  
14. obcordate  
15. cordate  
16. reniform  
17. spathulate  
18. sagittate  
19. hastate  
20. deltoid  
21. peltate  
22. ligulate  
23. falcate  
24. runcicate  
25. orbicular- ovate  
  
18. leaves (margin)  
1. entire  
2. entire but near the 
leaf-tip irregularly 
serrulate  
3. crenate  
4. crenulate  
5. undulate  
6. serrate  
7. sparsley serrate  
8. serrulate  
9. pinnately lobed  
10. palmately lobed  
11. pinnately parted  
12. dentate  
13. denticulate  
14. pinnaltely parted  
15. palmately parted  
16. divided pinnate  
17. divided palmate  
18. margin thickened  
19. uneven  
  
19. leaves (aromatic)  
1. aromatic  
2. not aromatic  
  
20. leaves (colour)  
1. light-green  
2. grey-green  
3. dark-green  
4. reddish-green  
5. brown  
6. yellow-green  
7. transluscent  
8. pale green to reddish  
  
21. leaves (venation)  
1. dichotomous  
2. palmately netted  
3. pinnately netted  
4. penni-parallel  
5. parallel  
6. translucent  
7. single veined (only the 
midrid prominent)  
  
22. leaves (surface)  
1. pubescent  
2. smooth  
3. waxy  
4. leathery  
5. glabrous  
6. fringed with hairs  
7. glistening (water filled 
celss)  
8. gass-filled channel 
bands along each side of 
the midrib  
9. scabrous (somewhat 
rough)  
10. leaf bases with white 
hairs inside  
11. either side of the 
midrib a wide air lacuna  
12. with parallel lines  
  
23. leaves (cross-section)  
1. flat  
2. circular  
3. triangular  
  
24. Leaves (succulence)  
1. not succulent  
2. succulent  
3. semi-succulent  
  
25. leaves (modified)  
1. spiny  
2. sheaths not split  
3. split sheaths  
4. sheaths are stipulate  
5. sheaths 
amplexicaulous  
6. shiny basal sheaths  
7. sheathing with lowest 
scale-like, upper sheath 
round, 3-angled lighter 
brown with short blade-
like tip  
  
26. flower (colour)  
1. white  
2. whitish-yellow  
3. whitish-yellow with 
red stigmas  
4. greenish white  
5. cream  
6. pink or white  
7. pink  
8. red  
9. orange  
10. greenish-yellow  
11. brown  
12. white ray florets 
purple at base  
13. flame coloured  
14. transluscent  
15. green  
16. reddish white  
  
27. flower colour (purple)  
1. completely purple  
2. purple petals with 
yellow centre  
3. purple ray florets  
  
28. flower colour (yellow)  
1. completely yellow  
2. ray florets yellow and 
brown at bases  
3. dark maroon at the 
base  
  
29. inflorescence (type)  
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1. solitary flower  
2. spikelet  
3. spikelets sessile and 
stalked, round and 
densely flowered  
4. spikelet with leaf-like 
structures at base  
5. spikelet that forms 
dense circular head  
6. three or more unequal 
ascending stalks, 
terminating in umbels or 
panicles of densely 
arranged spikelets  
7. unequal spikelet 
branches  
8. spike  
9. raceme  
10. raceme with a coiled 
or spirally peduncle  
11. cyme  
12. capitula (head)  
13. verticil  
14. panicle  
15. glomerules arranged 
in panicles  
16. umbel  
17. compound umble  
18. catkin  
19. spadix  
  
30. Inflorescence (Raceme) 
(Height (cm))  
1. 2 to 7 cm  
2. 5  
3. peduncle 0.2-2 cm  
4. peduncle 3-30 cm  
5. 10 to 25 cm  
6. 15  
7. 20 to 35 cm  
8. 25  
9. 30  
10. 35  
11. 40  
12. 50  
13. greater than 50 cm  
  
31. Inflorescence (Raceme) 
(number of flowers per 
raceme)  
1. 10-100  
2. 3-17  
3. eight  
4. 3 to 8  
5. 18 to 20  
  
32. Inflorescence (Cyme)  
1. two flowers per cyme  
2. three flowers per 
cyme  
3. up to seven flowers 
per cyme  
4. flowers in cyme 
covered by subtending 
bract  
5. three flowers in cyme 
arranged in a triangle  
6. three flowers in cyme 
evenly arranged  
7. three to six flowers  
  
33. inflorescence (capitula 
(head))  
1. ligulate  
2. no ray florets  
3. small clustered 
capitula  
4. with many spirally 
imbricate glumes  
  
34. Flower diameter  
1. less than 5 mm  
2. greater than 5 mm  
  
35. flowering stem is a scape  
1. up to 2 m long  
2. less than two meters  
3. less than two meters 
with leaves  
4. less than two meters, 
branched, scabrid with 
raised pits  
5. less than two meters, 
smooth or very slightly 
scabrid, sparingly or 
freely branched  
6. almost as long as 
sheathing leaves  
7. less than two meters 
with 50 to 200 flowers 
usually on 2 to 3-
flowered heads  
8. less than two meters. 
inflorescence 5-20 cm 
long with 50-1000 heads  
  
36. Flowers (position of 
flowers on flowering stalk)  
1. solitary at top of 
flowering stalk  
2. solitary axillary  
3. clusters at top of stalk  
4. axillary with clusters of 
flowers  
5. flowers forming 
whorls around stem  
  
37. flowers (perianth)  
1. single whorl  
2. double whorl  
3. more than two whorls  
4. petals and sepals 
absent  
5. no petals present  
6. reduced to a three-
lobed structure  
7. bristles feather-like  
8. consisting of hairs  
9. clawed scales attached 
opposite to each stamen  
10. tepals 2.5 to 3.0 mm 
long, with inner tepals 
slightly longer  
11. with tepals 2.5-3(-4) 
mm, outer slightly 
longer, with a scarious 
margin  
  
38. flowers (petals fused)  
1. petals fused  
2. petals fused to from a 
tube  
3. petals not fused  
  
39. Flowers (horizontal 
disposition of flower)  
1. perianth absent  
2. flower parts in fours  
3. flower parts in fives  
4. flower parts in sixes  
5. perianth herbaceous  
6. subtended by leaf-or-
scale like bracts  
7. sessile spikelets that 
are flattened with two 
lines of floral scales 
(glumes)  
8. outer tepals with 
narrow scarious wings 
above, obtuse and 
mucro up to 0.4 mm; 
inner tepals with broad 
distal auricles, notched, 
with mucro very short  
  
40. flowers (symmetry)  
1. actinomorphic 
(regular)  
2. zygomorphic 
(irregular)  
  
41. flower (number of 
stamens)  
1. 1  
2. 2  
3. 3  
4. 4  
5. 5  
6. 6  
7. 8  
8. 10  
9. 12  
10. more than 12  
11. in groups of two  
  
42. flowers (stamens not 
fused)  
1. stamens united by 
filament into two 
bundles  
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2. anthers fused in a 
tube  
3. stamens not fused  
4. anthers loosely joined 
around the style  
5. stamens united with 
the perianth  
6. stamens forming a 
large central mass 3.5 cm 
in diameter  
  
43. flowers (filaments 
feathery)  
1. filaments 
feathery/hairy  
2. filaments not feathery  
  
44. Flowers (number of 
styles)  
1. single style  
2. two styles  
3. three styles  
4. four styles  
5. five styles  
6. numerous styles  
7. no style, but a small 
peltate disc-like stigma  
  
45. ovary position  
1. hypogynous flower 
(superior ovary)  
2. perigynous flower 
(superior ovary)  
3. epigynous flower 
(inferior ovary)  
  
46. Fruiting perianth  
1. winged  
2. not winged  
3. fruits with blunt tips  
4. fruits with a beak  
5. utricle enclosed by 
fruiting bracts  
6. germination viviparous  
7. roundish fruits 
consisting of three fertile 
and three sterile carpels  
8. mericarps connate at 
the carpophore; tips 
mostly curved outwards.  
9. mericarps dorsally 
curved upwards, filled 
with air, tips not curved 
or weakly curved 
outwards; carpophore 
absent  
  
47. fruits (simple,dry, 
indehiscent)  
1. achene  
2. acorn  
3. caryopsis  
4. cypsela  
5. nut  
6. samara  
7. schizocarp  
  
48. fruits 
(simple,dry,dehiscent)  
1. capsule  
2. follicle  
3. legume  
4. lomentum  
5. silicle  
6. silique  
7. fleshy capsule  
  
49. fruits (simple, fleshy)  
1. berry  
2. drupe  
3. heperidium  
4. hip  
5. pepo  
6. pome  
  
50. Seed (Testa)  
1. smooth  
2. covered with hairs 
  
3. covered with hairs at 
the edge  
  
4. tuberculate at the 
edge  
  
5. tuberculate  
  
6. reniformed  
7. verruculate  
  
8. densely covered with 
hooked hairs at the edge  
  
9. papillose  
  
10. verrucate  
  
11. with ridges  
12. with five spines  
13. covered in mucilage  
14. with longitudinal 
lines  
15. splindle shaped  
16. one end sharply 
pointed(apiculate)  
17. membranous  
18. fruit germinate on 
tree (green rigded, 
cylindrical hypocotyl)  
19. mucilage and hooked 
hairs on its testa  
20. inconspicuously 
reticulate with 25-30 
longitudinal striae  
21. seed-coat forming 
two small, unequal 
appendages.  
22. glabrous with 
minute, papillae-like 
cellular markings  
23. copious, silky hairs  
24. rough and striated  
  
  
51. roots  
1. roots visible  
2. roots not visible  
  
52. Root types  
1. Tap  
2. adventitious  
3. prop  
4. aerial  
5. butress  
6. knee roots  
7. 1 or 2 unbranched 
roots with 
numerous very fine root-
hairs arise  
  
53. Estuarine habitat  
1. Supratidal salt marsh  
2. Intertidal salt marsh  
3. Reeds and sedges  
4. Mangrove forest  
5. Submerged 
macrophytes  
6. Channel  
7. Swamp  
8. Supratidal fringe  
  
54. Salinty range (ppt)  
1. 0-5  
2. 6-10  
3. 11-15  
4. 16-20  
5. 16-23  
6. 21-25  
7. 26-30  
8. 31-35  
9. 36-40  
10. 41-45  
11. 45-50  
12. greater than 50  
13. unknown  
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8.2.2. Descriptions of estuarine macrophytes.  
Acrostichum aureum L. 
Flowering plant False. Growth form Hydrophyte. Plant height/length greater than 100 cm. Stem upright. Stem monopodial. 
Stem brown. Stem circular. Leaves pinnate. Leaves alternate. Leaves flat. Leaves lanceolate. Leaves uneven. Leaves not 
aromatic. Leaves dark-green. Leaves parallel. Leaves leathery. Leaves flat. Leaves not succulent. Roots not visible. Estuarine 
habitat Mangrove forest. Salinty Range (ppt) 0–5, or 45–50. 
Atriplex vestita (Thunb.) Aellen 
Flowering plant True. Growth form Phanerophyte. Growth from shrub. Plant height/length 60 to 80 cm. Stem upright, or 
decumbent. Stem random. Stem grey, or green. Stem circular, or four angled. Leaves simple. Leaves alternate. Leaves flat. 
Leaves obovate, or elliptic. Leaves entire, or sparsley serrate. Leaves light-green. Leaves palmately netted. Leaves fringed 
with hairs. Leaves flat. Leaves semi-succulent. Flower red, or orange, or greenish-yellow. Inflorescence glomerules arranged 
in panicles. Flower diameter less than 5 mm. Flowers axillary with clusters of flowers. Flowers more than two whorls. 
Flowers flower parts in fives. Flowers actinomorphic (regular). Flower 3, or 5. Ovary position epigynous flower (inferior 
ovary). Fruiting perianth utricle enclosed by fruiting bracts. Fruits fleshy capsule. Seed (Testa) membranous. Roots not 
visible. Root types Tap. Estuarine habitat Supratidal salt marsh. Salinty Range (ppt) unknown. 
Avicennia marina (Forsk.) Vierh. 
Flowering plant True. Growth form Phanerophyte. Growth from tree. Plant height/length greater than 100 cm. Stem 
upright. Stem sympodial. Stem white, or grey. Stem circular. Leaves simple. Leaves opposite. Leaves flat. Leaves ovate. 
Leaves entire. Leaves not aromatic. Leaves light-green. Leaves leathery. Leaves flat. Flower whitish-yellow. Inflorescence 
cyme. Inflorescence three flowers per cyme. Flower diameter greater than 5 mm. Flowers solitary at top of flowering stalk. 
Flowers double whorl. Flowers petals fused to from a tube. Flowers flower parts in fours. Flowers actinomorphic (regular). 
Flower 4. Flowers stamens not fused. Flowers filaments not feathery. Flowers single style. Ovary position hypogynous 
flower (superior ovary). Fruiting perianth not winged. Fruits capsule. Roots roots visible. Root types aerial. Estuarine habitat 
Mangrove forest. Salinty Range (ppt) 6–10, or 11–15, or 16–20, or 21–25. 
Bassia diffusa (Thunb.) Kuntze 
Flowering plant True. Growth from shrub. Plant height/length 20 to 90 cm. Stem supine. Stem random. Stem brown. Stem 
four angled. Leaves simple. Leaves alternate. Leaves flat, or geniculate. Leaves linear, or lanceolate. Leaves entire. Leaves 
not aromatic. Leaves light-green, or grey-green, or reddish-green. Leaves dichotomous. Leaves pubescent. Leaves flat, or 
circular. Flower greenish-yellow. Inflorescence solitary flower. Flower diameter less than 5 mm. Flowers flowers forming 
whorls around stem. Flowers single whorl. Flowers petals fused. Flowers flower parts in fives. Flowers actinomorphic 
(regular). Flower 1. Flowers stamens not fused. Flowers filaments not feathery. Flowers single style. Ovary position 
hypogynous flower (superior ovary). Fruiting perianth winged. Fruits drupe. Seed (Testa) with five spines. Roots not visible. 
Root types Tap. Estuarine habitat Supratidal salt marsh. Salinty Range (ppt) 21–25, or 26–30, or 31–35. 
Barringtonia racemosa (L.) Sprengel. 
Growth form Phanerophyte. Growth from tree. Plant height/length greater than 100 cm. Stem upright. Stem random. Stem 
greyish brown to pink with white blotches. Stem circular. Leaves simple. Leaves alternate. Leaves flat. Leaves lanceolate, or 
oblanceolate. Leaves entire, or dentate. Leaves not aromatic. Leaves dark-green. Leaves pinnately netted. Leaves smooth. 
Leaves flat. Leaves not succulent. Flower white, or pink. Inflorescence raceme. Inflorescence greater than 50 cm. 
Inflorescence 3 to 8. Flower diameter greater than 5 mm. Flowers clusters at top of stalk. Flowers petals fused to from a 
tube. Flowers flower parts in fours. Flowers actinomorphic (regular). Flower more than 12. Flowers stamens forming a large 
central mass 3.5 cm in diameter. Flowers filaments not feathery. Ovary position epigynous flower (inferior ovary). Fruiting 
perianth not winged. Fruits berry. Seed (Testa) smooth. Roots roots visible. Root types knee roots. Estuarine habitat 
Mangrove forest. Salinty Range (ppt) 11–15.  
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Bolboschoenus maritimus (L.) Palla 
Flowering plant True. Growth form Hemicryptophyte. Plant height/length 80 to 100 cm, or greater than 100 cm. Stem 
upright. Stem random. Stem green. Stem triangular. Stem photosynthetic, or rhizome. Leaves simple. Leaves fascicled. 
Leaves flat. Leaves linear. Leaves entire. Leaves aromatic. Leaves dark-green. Leaves parallel. Leaves smooth. Leaves flat. 
Leaves not succulent. Leaves sheaths not split. Flower brown. Inflorescence spikelet. Flower diameter greater than 5 mm. 
Flowers clusters at top of stalk. Flowers single whorl. Flowers petals not fused. Flowers perianth absent, or flower parts in 
sixes. Flower 1. Flowers stamens not fused. Flowers filaments not feathery. Flowers single style. Fruiting perianth not 
winged. Fruits achene. Roots roots visible. Root types adventitious. Salinty Range (ppt) 0–5, or 6–10, or 11–15. 
Bruguiera gymnorrhiza (L.) Lam. 
Growth form Phanerophyte. Growth from tree. Plant height/length greater than 100 cm. Stem upright. Stem random, or 
sympodial. Stem black. Stem circular. Leaves simple. Leaves opposite. Leaves slightly involute. Leaves oval, or oblanceolate. 
Leaves entire. Leaves dark-green. Leaves palmately netted. Leaves leathery. Leaves flat. Leaves semi-succulent. Flower pink, 
or red. Inflorescence solitary flower. Flower diameter greater than 5 mm. Flowers solitary axillary. Flowers double whorl. 
Flowers petals fused to from a tube. Flowers flower parts in fives. Flowers actinomorphic (regular). Flower more than 12. 
Ovary position hypogynous flower (superior ovary). Fruits berry. Seed (Testa) fruit germinate on tree (green rigded, 
cylindrical hypocotyl). Roots roots visible. Root types knee roots. Estuarine habitat Mangrove forest. Salinty Range (ppt) 0–
5, or 6–10, or 11–15, or 16–20, or 21–25, or 26–30.  
Carpobrotus edulis (L.) L.Bolus 
Flowering plant True. Growth from shrub. Plant height/length 20 to 70 cm. Stem decumbent, or soboliferous. Stem random. 
Stem green. Stem circular. Stem photosynthetic. Leaves simple. Leaves spirally. Leaves recurved. Leaves linear. Leaves 
entire. Leaves not aromatic. Leaves dark-green, or reddish-green. Leaves dichotomous. Leaves smooth. Leaves triangular. 
Leaves succulent. Flower whitish-yellow, or pink. Flower colour completely yellow. Inflorescence solitary flower. Flower 
diameter greater than 5 mm. Flowers solitary at top of flowering stalk. Flowers more than two whorls. Flowers petals not 
fused. Flowers flower parts in fives. Flowers actinomorphic (regular). Flower more than 12. Flowers stamens not fused. 
Flowers filaments not feathery. Flowers numerous styles. Ovary position epigynous flower (inferior ovary). Fruiting perianth 
not winged. Fruits berry. Seed (Testa) covered in mucilage. Roots not visible. Root types Tap. Estuarine habitat Supratidal 
salt marsh. Salinty Range (ppt) 6–10, or 11–15, or 16–20, or 21–25. 
Conyza scabrida DC. 
Flowering plant True. Growth from tree, or shrub. Plant height/length greater than 100 cm. Stem upright. Stem 
dichotomous. Stem grey. Stem circular. Leaves simple. Leaves alternate. Leaves flat. Leaves lanceolate. Leaves serrate. 
Leaves aromatic. Leaves grey-green. Leaves dichotomous. Leaves glabrous. Leaves flat. Leaves not succulent. Flower 
whitish-yellow. Flower colour completely yellow. Inflorescence ligulate. Flower diameter greater than 5 mm. Flowers 
clusters at top of stalk. Flowers single whorl. Flowers petals not fused. Flowers flower parts in fives. Flowers actinomorphic 
(regular). Flower 5. Flowers stamens not fused. Flowers filaments not feathery. Flowers single style. Ovary position 
hypogynous flower (superior ovary). Fruits cypsela. Roots not visible. Root types Tap. Estuarine habitat Supratidal salt 
marsh. Salinty Range (ppt) 6–10, or unknown. 
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Cotula coronopifolia L.          
Flowering plant True. Growth form Forbs. Plant height/length 20 to 30 cm. Stem upright, or supine. Stem random. Stem 
white, or green. Stem circular. Leaves simple. Leaves alternate. Leaves flat. Leaves lanceolate. Leaves pinnately lobed, or 
pinnately parted. Leaves light-green. Leaves dichotomous. Leaves waxy. Leaves flat. Leaves succulent. Flower whitish-
yellow. Flower colour completely yellow. Inflorescence capitula (head). Inflorescence ligulate. Flower diameter greater than 
5 mm. Flowers solitary at top of flowering stalk. Flowers single whorl. Flowers petals fused to from a tube. Flowers flower 
parts in fives. Flowers zygomorphic (irregular). Flower 5. Flowers anthers loosely joined around the style. Flowers single 
style. Ovary position epigynous flower (inferior ovary). Fruiting perianth winged. Fruits cypsela. Seed (Testa) smooth. Roots 
roots visible. Root types Tap. Estuarine habitat Intertidal salt marsh. Salinty Range (ppt) 6–10, or 11–15, or 16–20. 
Cotula filifolia Thunb. 
Growth form Forbs. Plant height/length 5 to 20 cm. Stem upright, or decumbent. Stem random. Stem green. Stem circular. 
Leaves simple. Leaves alternate, or sheathing. Leaves flat. Leaves linear. Leaves entire. Leaves not aromatic. Leaves light-
green. Leaves dichotomous. Leaves leaf bases with white hairs inside. Leaves flat. Leaves semi-succulent. Flower colour 
completely yellow. Inflorescence capitula (head). Inflorescence ligulate. Flower diameter greater than 5 mm. Flowers 
solitary at top of flowering stalk. Flowers single whorl. Flowers petals fused to from a tube. Flowers flower parts in fives. 
Flowers zygomorphic (irregular). Flower 5. Flowers anthers loosely joined around the style. Ovary position epigynous flower 
(inferior ovary). Fruiting perianth winged. Fruits cypsela. Seed (Testa) smooth. Roots not visible. Root types Tap. Estuarine 
habitat Intertidal salt marsh. Salinty Range (ppt) unknown. 
Crassula expansa [Soland.] 
Growth form Chamaephyte. Plant height/length 10 to 40 cm. Stem decumbent, or soboliferous. Stem random. Stem 
reddish brown. Stem circular. Leaves simple. Leaves alternate. Leaves flat. Leaves lanceolate, or oblanceolate. Leaves 
entire. Leaves not aromatic. Leaves pale green to reddish. Leaves pinnately netted. Leaves smooth. Leaves circular. Leaves 
succulent. Flower reddish white. Inflorescence solitary flower. Flower diameter greater than 5 mm. Flowers solitary at top 
of flowering stalk. Flowers double whorl. Flowers petals fused to from a tube. Flowers flower parts in fours. Flowers 
actinomorphic (regular). Flower 4. Ovary position hypogynous flower (superior ovary). Fruiting perianth not winged. Fruits 
follicle. Seed (Testa) smooth. Roots not visible. Root types Tap. Estuarine habitat Supratidal fringe. Salinty Range (ppt) 
unknown. 
Cynodon dactylon (L.) Pers. 
Flowering plant True. Growth form Hemicryptophyte. Plant height/length 10 to 60 cm. Stem upright. Stem random. Stem 
circular, or hollow stems. Stem rhizome. Stem glabrous at nodes. Leaves simple. Leaves alternate, or sheathing. Leaves flat. 
Leaves linear. Leaves entire. Leaves light-green. Leaves parallel. Leaves smooth, or fringed with hairs. Leaves circular. 
Leaves split sheaths. Flower whitish-yellow with red stigmas. Inflorescence spikelet. Flower diameter less than 5 mm. 
Flowers clusters at top of stalk. Flowers petals and sepals absent. Flowers petals not fused. Flowers perianth absent. Flower 
3. Flowers stamens not fused. Flowers filaments feathery/hairy. Flowers two styles. Ovary position hypogynous flower 
(superior ovary). Fruits caryopsis. Seed (Testa) smooth. Roots not visible. Root types adventitious. Estuarine habitat 
Supratidal salt marsh. Salinty Range (ppt) 6–10, or 11–15, or 16–20, or 21–25. 
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Cyperus laevigatus L. 
Flowering plant True. Growth form Hemicryptophyte. Plant height/length 20 to 70 cm. Stem upright. Stem monopodial. 
Stem green. Stem triangular. Stem rhizome. Leaves simple. Leaves pseudo-whorls. Leaves slightly involute. Leaves linear. 
Leaves entire. Leaves aromatic. Leaves dark-green. Leaves parallel. Leaves smooth. Leaves flat. Leaves not succulent. Leaves 
sheaths not split. Flower brown. Inflorescence spikelet. Flower diameter less than 5 mm. Flowers clusters at top of stalk. 
Flowers no petals present. Flowers sessile spikelets that are flattened with two lines of floral scales (glumes). Flowers 
actinomorphic (regular). Flower 3. Flowers three styles. Fruiting perianth not winged. Fruits nut. Seed (Testa) glabrous with 
minute, papillae-like cellular markings. Roots not visible. Root types adventitious. Estuarine habitat Reeds and sedges. 
Salinty Range (ppt) 0–5, or 6–10, or 11–15. 
Cyperus thunbergii Vhal 
Growth form Hemicryptophyte. Plant height/length greater than 100 cm. Stem upright. Stem monopodial. Stem green. 
Stem triangular. Stem rhizome. Stem stiff, 3-sided and solid. Leaves simple. Leaves basal, slightly shorter than stem. Leaves 
recurved, or slightly involute. Leaves linear. Leaves entire. Leaves aromatic. Leaves light-green. Leaves parallel. Leaves 
smooth. Leaves flat. Leaves not succulent. Leaves sheaths not split. Flower brown. Inflorescence unequal spikelet branches, 
or compound umble. Flower diameter less than 5 mm, or greater than 5 mm. Flowers clusters at top of stalk. Flowers no 
petals present. Flowers perianth absent. Flowers actinomorphic (regular). Flower 3. Flowers three styles. Ovary position 
hypogynous flower (superior ovary). Fruiting perianth not winged. Fruits nut. Seed (Testa) smooth. Roots roots visible. Root 
types adventitious. Estuarine habitat Reeds and sedges. Salinty Range (ppt) 11–15. 
Cyperus textilis Thunb. 
Flowering plant True. Growth form Hemicryptophyte. Plant height/length 80 to 100 cm, or greater than 100 cm. Stem 
upright. Stem monopodial. Stem green. Stem triangular. Stem smooth. Leaves simple. Leaves whorled. Leaves flat. Leaves 
linear. Leaves entire. Leaves dark-green. Leaves parallel. Leaves smooth. Leaves flat. Leaves sheaths not split. Flower brown. 
Inflorescence spikelet that forms dense circular head. Flower diameter less than 5 mm. Flowers clusters at top of stalk. 
Flowers no petals present. Flowers perianth absent. Flowers actinomorphic (regular). Flower 3. Flowers stamens not fused. 
Flowers filaments not feathery. Flowers three styles. Ovary position hypogynous flower (superior ovary). Fruits nut. Seed 
(Testa) smooth. Roots not visible. Root types adventitious. Estuarine habitat Reeds and sedges. Salinty Range (ppt) 0–5, or 
6–10, or 11–15. 
Disphyma crassifolium (L.) L. Bolus 
Flowering plant True. Growth form Chamaephyte. Plant height/length 10 to 20 cm. Stem supine. Stem random. Stem 
brown. Stem circular. Leaves simple. Leaves in pairs or small rosettes at nodes. Leaves terete. Leaves oblong. Leaves entire. 
Leaves light-green, or dark-green. Leaves dichotomous. Leaves smooth. Leaves circular, or triangular. Leaves succulent. 
Flower pink or white, or red. Flower colour completely yellow. Inflorescence solitary flower. Flower diameter greater than 5 
mm. Flowers solitary at top of flowering stalk. Flowers double whorl. Flowers flower parts in sixes. Flowers actinomorphic 
(regular). Flower more than 12. Ovary position epigynous flower (inferior ovary). Fruiting perianth winged. Fruits capsule. 
Seed (Testa) smooth. Roots not visible. Root types Tap. Estuarine habitat Supratidal salt marsh. Salinty Range (ppt) 26–30, 
or 31–35. 
Drosanthemum parvifolium Schwantes  
Growth form Phanerophyte. Growth from shrub. Plant height/length 20 to 30 cm. Stem upright. Stem random. Stem brown, 
or grey. Stem circular. Leaves simple. Leaves opposite, or decussate. Leaves flat. Leaves oval. Leaves entire. Leaves light-
green. Leaves dichotomous. Leaves glistening (water filled celss). Leaves circular, or triangular. Leaves succulent. Flower 
colour completely purple. Inflorescence solitary flower. Flower diameter greater than 5 mm. Flowers solitary at top of 
flowering stalk. Flowers more than two whorls. Flowers petals not fused. Flowers flower parts in sixes. Flowers 
actinomorphic (regular). Flower more than 12. Flowers numerous styles. Ovary position epigynous flower (inferior ovary). 
Fruiting perianth winged. Fruits capsule. Seed (Testa) smooth. Roots not visible. Root types Tap. Estuarine habitat 
Supratidal salt marsh, or Supratidal fringe. Salinty Range (ppt) 26–30, or 31–35. 
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Ficinia nodosa (Rottb.) Goetgh. Muasya & D.A. Simpson 
Growth form Hemicryptophyte. Plant height/length 20 to 100 cm or greater. Stem soboliferous. Stem random. Stem green. 
Stem circular. Stem rhizome. Stem green, cylindrical, with sharp points. Leaves absent or reduced. Flower brown. 
Inflorescence spikelet that forms dense circular head. Flower diameter less than 5 mm. Flowers clusters at top of stalk. 
Flowers no petals present. Flowers perianth absent. Flowers actinomorphic (regular). Flower 3. Ovary position hypogynous 
flower (superior ovary). Fruiting perianth not winged. Fruits nut. Seed (Testa) smooth. Roots not visible. Root types 
adventitious. Estuarine habitat Reeds and sedges. Salinty Range (ppt) 11–15. 
Galenia secunda (L.f.) Sond. 
Growth form Phanerophyte. Growth from shrub. Plant height/length 20 to 60 cm. Stem upright. Stem random. Stem white, 
or grey. Stem circular. Leaves simple. Leaves alternate. Leaves recurved, or slightly involute. Leaves obovate. Leaves entire. 
Leaves not aromatic. Leaves light-green. Leaves palmately netted. Leaves pubescent. Leaves flat. Leaves semi-succulent. 
Flower whitish-yellow. Inflorescence solitary flower. Flower diameter less than 5 mm. Flowers solitary axillary. Flowers 
single whorl. Flowers flower parts in fives. Flowers actinomorphic (regular). Flower 8, or 10. Flowers three styles, or five 
styles. Ovary position hypogynous flower (superior ovary). Fruiting perianth not winged. Fruits capsule. Seed (Testa) with 
ridges. Roots not visible. Root types Tap. Estuarine habitat Supratidal salt marsh. Salinty Range (ppt) unknown. 
Halophila ovalis (R. Brown) J. D Hooker 
Growth form Hydrophyte. Plant height/length 30 to 50 cm. Stem soboliferous. Stem brown. Stem circular. Stem rhizome. 
Leaves two-foliolate. Leaves pseudo-whorls. Leaves flat. Leaves linear. Leaves entire. Leaves dark-green, or brown. Leaves 
pinnately netted. Leaves smooth. Leaves flat. Flower cream. Inflorescence spadix. Flower diameter greater than 5 mm. 
Flowers solitary at top of flowering stalk. Flowers single whorl, or double whorl. Flowers petals not fused. Flowers flower 
parts in fours. Flowers actinomorphic (regular). Flower 2, or 3. Flowers three styles. Ovary position epigynous flower 
(inferior ovary). Fruits fleshy capsule. Seed (Testa) smooth. Roots roots visible, or roots not visible. Root types adventitious. 
Estuarine habitat Submerged macrophytes. Salinty Range (ppt) 6–10, or 11–15, or 16–20, or 21–25, or 26–30, or 31–35, or 
36–40, or 41–45, or unknown. 
Hibiscus tiliaceus L. 
Growth form Phanerophyte. Growth from tree. Plant height/length greater than 100 cm. Stem supine. Stem random. Stem 
brown, or grey. Stem circular. Leaves simple, or trifoliolate. Leaves alternate. Leaves flat. Leaves orbicular- ovate. Leaves 
entire, or dentate. Leaves not aromatic. Leaves dark-green. Leaves palmately netted. Leaves smooth. Leaves flat. Leaves not 
succulent. Flower colour dark maroon at the base. Inflorescence cyme. Inflorescence three to six flowers. Flower diameter 
greater than 5 mm. Flowers clusters at top of stalk, or axillary with clusters of flowers. Flowers single whorl. Flowers flower 
parts in fives. Flowers actinomorphic (regular). Flower 5. Ovary position hypogynous flower (superior ovary). Fruiting 
perianth not winged. Fruits capsule. Seed (Testa) reniformed. Roots roots visible. Root types Tap. Estuarine habitat 
Mangrove forest. Salinty Range (ppt) 6–10. 
Juncus acutus L. 
Growth form Hemicryptophyte. Plant height/length 60 to 100 cm, or greater than 100 cm. Stem upright. Stem monopodial. 
Stem brown, or green. Stem circular. Stem photosynthetic. Leaves simple. Leaves sheathing. Leaves terete. Leaves linear. 
Leaves entire. Leaves dark-green. Leaves parallel. Leaves smooth. Leaves flat. Leaves split sheaths. Flower brown. 
Inflorescence panicle. Flower diameter greater than 5 mm. Flowering stem is a scape almost as long as sheathing leaves. 
Flowers clusters at top of stalk. Flowers double whorl, or more than two whorls. Flowers petals not fused. Flowers 
subtended by leaf-or-scale like bracts. Flowers actinomorphic (regular). Flower 6. Flowers stamens not fused. Flowers single 
style. Ovary position hypogynous flower (superior ovary). Fruiting perianth fruits with blunt tips. Fruits capsule. Seed (Testa) 
one end sharply pointed(apiculate). Roots not visible. Root types adventitious. Estuarine habitat Supratidal salt marsh, or 
Reeds and sedges. Salinty Range (ppt) 11–15, or 16–20, or 21–25, or 26–30, or 31–35, or 36–40, or 41–45. 
Juncus kraussii Hochst. subsp. kraussii  
Growth form Hemicryptophyte. Plant height/length 40 to 100 cm or greater. Stem upright. Stem monopodial. Stem green. 
Stem circular. Stem rhizome thick compact, woody, with hairy roots. Stem rigid with 1–2 basal sheaths and 1–8 basal 
leaves. Leaves simple. Leaves tightly pressed against the stem with shiny basal sheaths. Leaves terete. Leaves linear. Leaves 
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entire. Leaves not aromatic. Leaves light-green. Leaves parallel. Leaves smooth. Leaves circular. Leaves not succulent. 
Leaves shiny basal sheaths. Flower brown. Inflorescence panicle. Flower diameter greater than 5 mm. Flowering stem is a 
scape less than two meters. inflorescence 5–20 cm long with 50–1000 heads. Flowers clusters at top of stalk. Flowers with 
tepals 2.5–3(-4) mm, outer slightly longer, with a scarious margin. Flowers outer tepals with narrow scarious wings above, 
obtuse and mucro up to 0.4 mm; inner tepals with broad distal auricles, notched, with mucro very short. Flowers 
actinomorphic (regular). Flower 6. Ovary position hypogynous flower (superior ovary). Fruiting perianth not winged. Fruits 
capsule. Seed (Testa) seed-coat forming two small, unequal appendages. Roots not visible. Root types adventitious. 
Estuarine habitat Supratidal salt marsh. Salinty Range (ppt) 6–10, or 11–15, or 16–20, or 21–25. 
Juncus littoralis C.A.Mey. 
Growth form Hemicryptophyte. Plant height/length 50 to 100 cm. Stem upright. Stem monopodial. Stem brown. Stem 
circular. Stem rhizome extremely abbreviated, inconspicuous. Stem with several basal sheaths and 2–6 basal leaves. Leaves 
simple. Leaves 2–6 basal leaves about 25–100 cm long. Leaves terete. Leaves linear. Leaves entire. Leaves aromatic. Leaves 
dark-green. Leaves parallel. Leaves smooth. Leaves circular. Leaves not succulent. Flower brown. Inflorescence panicle. 
Flower diameter greater than 5 mm. Flowering stem is a scape less than two meters with 50 to 200 flowers usually on 2 to 
3-flowered heads. Flowers clusters at top of stalk. Flowers tepals 2.5 to 3.0 mm long, with inner tepals slightly longer. 
Flowers outer tepals with narrow scarious wings above, obtuse and mucro up to 0.4 mm; inner tepals with broad distal 
auricles, notched, with mucro very short. Flowers actinomorphic (regular). Flower 6. Ovary position hypogynous flower 
(superior ovary). Fruiting perianth not winged. Fruits capsule. Seed (Testa) inconspicuously reticulate with 25–30 
longitudinal striae. Roots not visible. Root types adventitious. Estuarine habitat Reeds and sedges. Salinty Range (ppt) 
unknown. 
Limonium linifolium (L.f.) Kuntze 
Growth form Phanerophyte. Growth from subshrub. Plant height/length 20 to 30 cm. Stem upright. Stem monopodial. 
Stem brown, or black. Stem circular. Leaves simple. Leaves alternate. Leaves flat, or slightly involute. Leaves linear. Leaves 
entire. Leaves not aromatic. Leaves dark-green. Leaves penni-parallel. Leaves smooth. Leaves flat. Leaves not succulent. 
Flower colour completely purple. Inflorescence spikelet. Flower diameter greater than 5 mm. Flowering stem is a scape less 
than two meters, smooth or very slightly scabrid, sparingly or freely branched. Flowers solitary at top of flowering stalk. 
Flowers more than two whorls. Flowers flower parts in fours. Flowers actinomorphic (regular). Flower 5. Flowers stamens 
united with the perianth. Flowers filaments feathery/hairy. Flowers five styles. Ovary position hypogynous flower (superior 
ovary). Fruiting perianth not winged. Fruits capsule. Seed (Testa) smooth. Roots not visible. Root types Tap. Estuarine 
habitat Intertidal salt marsh. Salinty Range (ppt) 31–35. 
Limonium scabrum (L.f.) Kuntze 
Growth form Phanerophyte. Growth from subshrub. Plant height/length 20 to 30 cm. Stem upright. Stem monopodial. 
Stem brown, or black. Stem circular. Leaves simple. Leaves alternate. Leaves flat. Leaves oblong, or obovate, or 
oblanceolate. Leaves entire. Leaves not aromatic. Leaves dark-green. Leaves penni-parallel. Leaves scabrous (somewhat 
rough). Leaves flat. Leaves not succulent. Flower colour completely purple. Inflorescence spikelet. Flower diameter greater 
than 5 mm. Flowering stem is a scape less than two meters, branched, scabrid with raised pits. Flowers solitary at top of 
flowering stalk. Flowers more than two whorls. Flowers flower parts in fours. Flowers actinomorphic (regular). Flower 5. 
Flowers stamens united with the perianth. Flowers filaments feathery/hairy. Flowers five styles. Ovary position hypogynous 
flower (superior ovary). Fruiting perianth not winged. Fruits capsule. Seed (Testa) smooth. Roots not visible. Root types Tap. 
Estuarine habitat Intertidal salt marsh. Salinty Range (ppt) 31–35. 
Phragmites australis Cav.) Steud. 
Growth form Hemicryptophyte, or Hydrophyte. Plant height/length greater than 100 cm. Stem upright. Stem monopodial. 
Stem green. Stem circular. Stem rhizome. Leaves simple. Leaves sheathing. Leaves slightly involute. Leaves linear, or 
lanceolate. Leaves entire. Leaves not aromatic. Leaves light-green. Leaves parallel. Leaves glabrous. Leaves flat. Leaves not 
succulent. Leaves split sheaths. Flower whitish-yellow with red stigmas, or brown. Inflorescence panicle. Flower diameter 
greater than 5 mm. Flowers clusters at top of stalk. Flowers petals and sepals absent. Flowers perianth absent. Flowers 
zygomorphic (irregular). Flower 3. Flowers filaments feathery/hairy. Flowers two styles. Ovary position perigynous flower 
(superior ovary). Fruiting perianth not winged. Fruits caryopsis. Seed (Testa) copious, silky hairs. Roots not visible. Root 
types adventitious. Estuarine habitat Reeds and sedges. Salinty Range (ppt) 16–20. 
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Plantago crassifolia Forssk. 
Growth form Phanerophyte. Growth from subshrub. Plant height/length 20 to 30 cm. Stem upright, or decumbent. Stem 
random. Stem brown. Stem circular. Leaves simple. Leaves alternate, or basal, slightly shorter than stem. Leaves terete. 
Leaves linear. Leaves entire. Leaves not aromatic. Leaves grey-green. Leaves parallel. Leaves smooth. Leaves circular. Leaves 
succulent. Flower whitish-yellow. Inflorescence raceme. Inflorescence 20 to 35 cm. Inflorescence 18 to 20. Flower diameter 
less than 5 mm. Flowers axillary with clusters of flowers. Flowers double whorl. Flowers flower parts in fours. Flowers 
actinomorphic (regular). Flower 4. Ovary position hypogynous flower (superior ovary). Fruiting perianth not winged. Fruits 
capsule. Seed (Testa) smooth. Roots not visible. Root types Tap. Estuarine habitat Supratidal salt marsh, or Intertidal salt 
marsh. Salinty Range (ppt) 26–30, or 31–35. 
Rhizophora mucronata Lamarck ex Poiret 
Growth form Phanerophyte. Growth from tree. Plant height/length greater than 100 cm. Stem upright. Stem random. Stem 
reddish brown. Stem circular. Leaves simple. Leaves opposite. Leaves slightly involute. Leaves obovate. Leaves entire. 
Leaves not aromatic. Leaves dark-green. Leaves pinnately netted. Leaves waxy. Leaves flat. Leaves semi-succulent. Flower 
whitish-yellow. Inflorescence cyme. Inflorescence two flowers per cyme. Flower diameter less than 5 mm. Flowers solitary 
axillary. Flowers single whorl. Flowers flower parts in fours. Flowers actinomorphic (regular). Flower 4. Ovary position 
hypogynous flower (superior ovary). Fruiting perianth germination viviparous. Root types aerial. Estuarine habitat 
Mangrove forest. Salinty Range (ppt) 6–10, or 11–15. 
Ruppia cirrhosa (Pentag.) Grande 
Growth form Hydrophyte. Plant height/length 5 to 100 cm or greater. Stem decumbent, or supine. Stem monopodial. Stem 
green, or yellow. Stem circular. Stem rhizome. Leaves simple. Leaves sheathing. Leaves flat. Leaves linear with apex 
rounded. Leaves entire but near the leaf-tip irregularly serrulate. Leaves not aromatic. Leaves light-green, or yellow-green. 
Leaves single veined (only the midrid prominent). Leaves either side of the midrib a wide air lacuna. Leaves flat. Leaves not 
succulent. Leaves sheaths amplexicaulous. Flower greenish white. Inflorescence raceme with a coiled or spirally peduncle. 
Inflorescence peduncle 3–30 cm. Inflorescence eight. Flower diameter less than 5 mm. Flowers clusters at top of stalk. 
Flowers petals and sepals absent. Flowers subtended by leaf-or-scale like bracts. Flowers zygomorphic (irregular). Flower 2. 
Flowers no style, but a small peltate disc-like stigma. Ovary position perigynous flower (superior ovary). Fruiting perianth 
not winged. Seed (Testa) smooth. Roots not visible. Root types 1 or 2 unbranched roots with numerous very fine root-hairs 
arise. Estuarine habitat Submerged macrophytes. Salinty Range (ppt) unknown. 
Ruppia maritima L. 
Growth form Hydrophyte. Plant height/length 5 to 100 cm or greater, or greater than 100 cm. Stem decumbent, or supine. 
Stem monopodial. Stem green, or yellow. Stem circular. Stem rhizome. Leaves simple. Leaves sheathing. Leaves flat. Leaves 
linear with apex pointed. Leaves entire but near the leaf-tip irregularly serrulate. Leaves not aromatic. Leaves light-green, or 
yellow-green. Leaves single veined (only the midrid prominent). Leaves either side of the midrib a wide air lacuna. Leaves 
flat. Leaves not succulent. Leaves sheaths amplexicaulous. Flower greenish white. Inflorescence raceme. Inflorescence 
peduncle 0.2–2 cm. Inflorescence eight. Flower diameter less than 5 mm. Flowers clusters at top of stalk. Flowers petals 
and sepals absent. Flowers subtended by leaf-or-scale like bracts. Flowers zygomorphic (irregular). Flower 2. Flowers no 
style, but a small peltate disc-like stigma. Ovary position perigynous flower (superior ovary). Fruiting perianth not winged. 
Fruits achene. Seed (Testa) smooth. Roots not visible. Root types 1 or 2 unbranched roots with numerous very fine root-
hairs arise. Estuarine habitat Submerged macrophytes. Salinty Range (ppt) 11–15, or 36–40. 
Salicornia meyeriana Moss 
Growth form Epiphyte. Plant height/length 20 to 30 cm. Stem upright. Stem sympodial. Stem brown. Stem circular. Stem 
segments (fused internodes). Stems 2–3 mm, rarely up to 5 mm long by 2–4 mm (dried and fresh) wide. Stems obconical, or 
cylindrical. Stems not keeled. Leaves absent or reduced. Leaves opposite. Leaves flat. Leaves entire. Flower whitish-yellow. 
Inflorescence cyme. Inflorescence three flowers in cyme arranged in a triangle. Flower diameter less than 5 mm. Flowers 
axillary with clusters of flowers. Flowers single whorl. Flowers perianth herbaceous. Flowers zygomorphic (irregular). Flower 
2. Ovary position perigynous flower (superior ovary). Fruiting perianth not winged. Fruits drupe. Seed (Testa) mucilage and 
hooked hairs on its testa. Roots roots visible. Root types Tap. Estuarine habitat Intertidal salt marsh. Salinty Range (ppt) 16–
20. 
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Salsola kali (Pallas) Mosyakin 
Growth form Phanerophyte. Growth from shrub. Plant height/length 40 to 90 cm. Stem upright. Stem random. Stem brown, 
or grey. Stem circular, or four angled. Leaves absent or reduced. Leaves pseudo-whorls. Leaves recurved. Leaves lanceolate, 
or falcate. Leaves entire. Leaves dark-green. Leaves penni-parallel. Leaves pubescent. Leaves flat. Flower whitish-yellow. 
Inflorescence solitary flower. Flower diameter greater than 5 mm. Flowers solitary axillary. Flowers single whorl. Flowers 
flower parts in fours. Flowers actinomorphic (regular). Ovary position epigynous flower (inferior ovary). Fruits berry. Seed 
(Testa) smooth. Roots not visible. Root types Tap. Estuarine habitat Supratidal fringe. Salinty Range (ppt) unknown. 
Samolus porosus (L.f.) Thunb. 
Growth form Phanerophyte. Growth from subshrub. Plant height/length 20 to 60 cm. Stem upright. Stem random. Stem 
brown, or green. Stem circular. Stem rhizome. Leaves simple. Leaves alternate, or mostly in basal rosettes. Leaves flat. 
Leaves obovate, or spathulate. Leaves entire. Leaves dark-green. Leaves dichotomous. Leaves smooth. Leaves flat. Flower 
pink or white. Flower diameter greater than 5 mm. Flowering stem is a scape less than two meters with leaves. Flowers 
solitary axillary. Flowers single whorl. Flowers petals fused to from a tube. Flowers flower parts in fives. Flowers 
actinomorphic (regular). Flower 5. Flowers filaments not feathery. Ovary position epigynous flower (inferior ovary). Fruiting 
perianth not winged. Fruits capsule. Seed (Testa) smooth. Roots not visible. Root types Tap. Estuarine habitat Supratidal salt 
marsh. Salinty Range (ppt) 6–10, or 11–15. 
Sarcocornia capensis (Moss) A.J. Scott 
Growth from shrub. Plant height/length 20 to 60 cm. Stem upright, or decumbent. Stem dichotomous. Stem brown. Stem 
circular. Stem segments (fused internodes). Stems keeled. Leaves absent or reduced. Leaves opposite. Leaves flat. Leaves 
entire. Flower whitish-yellow, or cream. Inflorescence cyme. Inflorescence three flowers per cyme. Flower diameter less 
than 5 mm. Flowers axillary with clusters of flowers. Flowers single whorl, or reduced to a three-lobed structure. Flowers 
petals not fused. Flowers perianth herbaceous. Flowers zygomorphic (irregular). Flower 2. Flowers stamens not fused. 
Flowers single style. Ovary position perigynous flower (superior ovary). Fruiting perianth not winged. Fruits drupe. Seed 
(Testa) covered with hairs. Roots not visible. Root types Tap. Estuarine habitat Supratidal salt marsh. Salinty Range (ppt) 
unknown. 
Sarcocornia decumbens (Toelken) A.J. Scott 
Flowering plant True. Growth form Phanerophyte. Growth from shrub. Plant height/length 30 to 60 cm. Stem decumbent. 
Stem random. Stem brown, or grey. Stem circular. Stem segments (fused internodes). Stems 8–18 mm long by 2–3 (-5) mm 
(fresh) wide. Stems obconical, or cylindrical. Stems slightly keeled. Leaves absent or reduced. Leaves opposite. Leaves flat. 
Leaves entire. Flower whitish-yellow, or cream. Inflorescence cyme. Inflorescence up to seven flowers per cyme. Flower 
diameter less than 5 mm. Flowers axillary with clusters of flowers. Flowers single whorl. Flowers petals not fused. Flowers 
perianth herbaceous. Flowers zygomorphic (irregular). Flowers single style. Ovary position perigynous flower (superior 
ovary). Fruiting perianth not winged. Fruits drupe. Seed (Testa) tuberculate. Roots not visible. Root types Tap. Estuarine 
habitat Supratidal salt marsh. Salinty Range (ppt) 26–30, or 31–35, or unknown. 
Sarcocornia natalensis (Bunge ex. Ung-Sternb.) A.J.Scott subsp. natalensis 
Growth form Phanerophyte. Growth from shrub. Plant height/length 20 to 30 cm. Stem upright, or decumbent, or supine. 
Stem dichotomous. Stem brown. Stem circular. Stem segments (fused internodes). Stems 11–20 mm long by 2–5 mm 
(fresh) wide. Stems obconical. Stems slightly keeled. Leaves absent or reduced. Leaves opposite. Leaves flat. Leaves entire. 
Flower whitish-yellow, or cream. Inflorescence cyme. Inflorescence three flowers per cyme, or flowers in cyme covered by 
subtending bract. Flower diameter less than 5 mm. Flowers axillary with clusters of flowers. Flowers single whorl. Flowers 
perianth herbaceous. Flowers zygomorphic (irregular). Flower 1, or 2. Flowers single style. Ovary position perigynous flower 
(superior ovary). Fruiting perianth not winged. Fruits drupe. Seed (Testa) verruculate. Roots not visible. Root types Tap, or 
adventitious. Estuarine habitat Intertidal salt marsh. Salinty Range (ppt) 0–5, or 6–10, or 11–15. 
Sarcocornia natalensis (Bunge ex. Ung-Sternb.) A.J.Scott subsp. affinis (Moss) S. Steffen, Mucina & G. Kadereit 
Growth from shrub. Plant height/length 20 to 30 cm. Stem upright, or decumbent, or supine. Stem dichotomous. Stem 
brown. Stem circular. Stem segments (fused internodes). Stems 7–22 mm long by 2–4 mm (fresh) wide. Stems obconical. 
Leaves absent or reduced. Leaves opposite. Leaves flat. Leaves entire. Flower whitish-yellow, or cream. Inflorescence cyme. 
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Inflorescence three flowers per cyme, or flowers in cyme covered by subtending bract. Flower diameter less than 5 mm. 
Flowers axillary with clusters of flowers. Flowers single whorl. Flowers perianth herbaceous. Flowers zygomorphic 
(irregular). Flower 1, or 2. Flowers single style. Ovary position perigynous flower (superior ovary). Fruiting perianth not 
winged. Fruits drupe. Seed (Testa) verruculate. Roots not visible. Root types Tap. Estuarine habitat Supratidal fringe. Salinty 
Range (ppt) 31–35, or 36–40, or 41–45, or 45–50, or greater than 50. 
Sarcocornia tegetaria S. Steffen, Mucina & G. Kadereit 
Growth form Phanerophyte. Growth from subshrub. Plant height/length 30 to 40 cm. Stem decumbent, or supine. Stem 
random, or sympodial. Stem brown. Stem circular. Stems 7–15 mm long by 2–5 mm (fresh) wide. Stems obconical, or 
barrel-shaped. Stems not keeled. Leaves absent or reduced. Leaves opposite. Leaves flat. Leaves entire. Flower whitish-
yellow, or cream. Inflorescence cyme. Inflorescence three flowers per cyme. Flower diameter less than 5 mm. Flowers 
axillary with clusters of flowers. Flowers single whorl. Flowers perianth herbaceous. Flowers zygomorphic (irregular). Flower 
1, or 2. Flowers single style. Ovary position perigynous flower (superior ovary). Fruiting perianth not winged. Fruits drupe. 
Seed (Testa) covered with hairs at the edge. Root types Tap. Estuarine habitat Intertidal salt marsh. Salinty Range (ppt) 21–
25, or 26–30, or 31–35, or 36–40, or 41–45, or 45–50, or greater than 50. 
Sarcocornia pillansii (Moss) A.J.Scott 
Growth form Phanerophyte. Growth from shrub. Plant height/length 60 to 70 cm. Stem upright, or decumbent. Stem 
random, or dichotomous. Stem grey. Stem circular. Stem segments (fused internodes). Stems 8–20 mm long, 2–4 mm 
(fresh) wide. Stems obconical, or cylindrical. Stems keeled. Leaves absent or reduced. Leaves opposite. Leaves flat. Leaves 
entire. Flower whitish-yellow, or cream. Inflorescence three flowers per cyme. Flower diameter less than 5 mm. Flowers 
axillary with clusters of flowers. Flowers single whorl. Flowers perianth herbaceous. Flowers zygomorphic (irregular). Flower 
1, or 2. Ovary position perigynous flower (superior ovary). Fruiting perianth not winged. Fruits drupe. Seed (Testa) 
tuberculate. Roots not visible. Root types adventitious. Estuarine habitat Supratidal salt marsh. Salinty Range (ppt) 31–35, 
or 36–40, or 41–45, or 45–50, or greater than 50. 
Sarcocornia mossiana (Tölken) A. J. Scott 
Growth form Phanerophyte. Growth from shrub. Plant height/length 30 to 50 cm. Stem upright. Stem random. Stem grey. 
Stem circular. Stem segments (fused internodes). Stems 2–3 mm, rarely up to 5 mm long by 2–4 mm (dried and fresh) wide. 
Stems obconical. Stems distinctly keeled. Leaves absent or reduced. Leaves opposite. Leaves flat. Leaves entire. Flower 
whitish-yellow, or cream. Inflorescence three flowers in cyme evenly arranged. Flower diameter less than 5 mm. Flowers 
axillary with clusters of flowers. Flowers single whorl. Flowers perianth herbaceous. Flowers zygomorphic (irregular). Flower 
2. Flowers two styles. Ovary position perigynous flower (superior ovary). Fruiting perianth not winged. Fruits drupe. Seed 
(Testa) verrucate. Roots not visible. Root types adventitious. Estuarine habitat Supratidal salt marsh. Salinty Range (ppt) 
unknown. 
Schoenoplectus triqueter f. Oppei (Weihe) Soό 
Growth form Hemicryptophyte. Plant height/length greater than 100 cm. Stem upright. Stem monopodial. Stem greyish-
green. Stem triangular. Stem rhizome. Stem solitary, greyish-green, sharply 3-angled below the inflorescence. Leaves absent 
or reduced. Leaves reduced to 1–3 sheaths. Leaves strongly folded. Leaves not aromatic. Leaves brown. Leaves parallel. 
Leaves smooth. Leaves flat. Leaves not succulent. Leaves sheathing with lowest scale-like, upper sheath round, 3-angled 
lighter brown with short blade-like tip. Flower brown. Inflorescence spikelets sessile and stalked, round and densely 
flowered. Flower diameter less than 5 mm. Flowering stem is a scape up to 2 m long. Flowers clusters at top of stalk. 
Flowers no petals present. Flowers perianth absent. Flowers actinomorphic (regular). Flower 3. Flowers three styles. Ovary 
position hypogynous flower (superior ovary). Fruiting perianth not winged. Fruits nut. Seed (Testa) smooth. Roots not 
visible. Root types adventitious. Estuarine habitat Reeds and sedges. Salinty Range (ppt) unknown. 
Schoenoplectus scirpoideus (Schrad.) Browning 
Growth form Hemicryptophyte. Plant height/length greater than 100 cm. Stem upright. Stem monopodial. Stem green. 
Stem circular. Stem photosynthetic. Stem green and loosely tufted. Leaves absent or reduced. Leaves reduced to 2 or 3 
greyish-brown sheaths that split into fibres. Leaves strongly folded. Leaves linear. Leaves entire. Leaves not aromatic. 
Leaves brown. Leaves parallel. Leaves smooth. Leaves flat. Leaves not succulent. Leaves split sheaths. Flower brown. 
Inflorescence three or more unequal ascending stalks, terminating in umbels or panicles of densely arranged spikelets. 
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Flower diameter less than 5 mm, or greater than 5 mm. Flowers clusters at top of stalk. Flowers bristles feather-like. 
Flowers perianth absent. Flowers actinomorphic (regular). Flower 3. Flowers three styles. Ovary position hypogynous flower 
(superior ovary). Fruiting perianth not winged. Fruits nut. Seed (Testa) smooth. Roots not visible. Root types adventitious. 
Estuarine habitat Reeds and sedges. Salinty Range (ppt) 0–5, or 6–10, or 11–15. 
Scirpus littoralis Schrad 
Growth form Hemicryptophyte. Plant height/length 40 to 100 cm or greater. Stem soboliferous. Stem monopodial. Stem 
green. Stem circular. Stem rhizome horizontal. Stem with basal nodes. Leaves simple. Leaves basal, slightly shorter than 
stem. Leaves terete. Leaves linear. Leaves entire. Leaves not aromatic. Leaves dark-green, or brown. Leaves parallel. Leaves 
smooth. Leaves circular. Leaves not succulent. Flower brown. Inflorescence capitula (head). Inflorescence with many spirally 
imbricate glumes. Flower diameter less than 5 mm. Flowers axillary with clusters of flowers. Flowers no petals present. 
Flowers perianth absent. Flowers actinomorphic (regular). Flower 3. Ovary position hypogynous flower (superior ovary). 
Fruiting perianth not winged. Fruits nut. Seed (Testa) smooth. Roots not visible. Root types adventitious. Estuarine habitat 
Reeds and sedges. Salinty Range (ppt) unknown. 
Spartinia maritima  (Curtis) Fernald 
Growth form Hemicryptophyte. Plant height/length 20 to 90 cm. Stem upright. Stem monopodial. Stem green, or yellow. 
Stem circular, or hollow stems. Stem rhizome. Leaves simple. Leaves sheathing. Leaves slightly involute. Leaves linear. 
Leaves entire. Leaves not aromatic. Leaves yellow-green. Leaves parallel. Leaves smooth. Leaves flat. Leaves not succulent. 
Leaves split sheaths. Flower greenish-yellow. Inflorescence spikelet. Flower diameter less than 5 mm, or greater than 5 mm. 
Flowers axillary with clusters of flowers. Flowers petals and sepals absent. Flowers perianth absent. Flowers actinomorphic 
(regular). Flower 3. Flowers filaments feathery/hairy. Flowers two styles. Ovary position perigynous flower (superior ovary). 
Fruiting perianth not winged. Fruits caryopsis. Seed (Testa) smooth. Roots not visible. Root types adventitious. Estuarine 
habitat Intertidal salt marsh. Salinty Range (ppt) 26–30. 
Spergularia media (L.) C.Presl ex Griseb 
Growth form Phanerophyte. Growth from subshrub. Plant height/length 15 to 30 cm. Stem upright, or decumbent. Stem 
random. Stem brown. Stem circular. Leaves simple. Leaves fascicled. Leaves flat. Leaves linear. Leaves entire. Leaves not 
aromatic. Leaves light-green. Leaves palmately netted. Leaves smooth. Leaves circular. Leaves succulent. Flower white, or 
pink. Inflorescence cyme. Inflorescence three flowers per cyme. Flower diameter greater than 5 mm. Flowers solitary 
axillary. Flowers flower parts in fours. Flowers actinomorphic (regular). Flower 5, or 10. Flowers two styles, or five styles. 
Ovary position hypogynous flower (superior ovary). Fruiting perianth not winged. Fruits capsule. Seed (Testa) tuberculate at 
the edge. Roots not visible. Root types Tap. Estuarine habitat Supratidal salt marsh. Salinty Range (ppt) 26–30, or 31–35. 
Spergularia rubra (L.). J. Presl. C. Presl. 
Growth form Phanerophyte. Growth from subshrub. Plant height/length 5 to 25 cm. Stem upright, or decumbent. Stem 
dichotomous. Stem brown. Stem circular. Leaves simple. Leaves fascicled. Leaves flat. Leaves linear. Leaves entire. Leaves 
not aromatic. Leaves light-green. Leaves pinnately netted. Leaves circular. Leaves succulent. Leaves sheaths are stipulate. 
Flower white, or pink. Inflorescence three flowers per cyme. Flower diameter greater than 5 mm. Flowers solitary axillary. 
Flowers flower parts in fours. Flowers actinomorphic (regular). Flower 5, or 10. Flowers two styles, or five styles. Ovary 
position hypogynous flower (superior ovary). Fruiting perianth not winged. Fruits capsule. Seed (Testa) tuberculate at the 
edge. Roots not visible. Root types Tap. Estuarine habitat Supratidal salt marsh. Salinty Range (ppt) 26–30, or 31–35. 
Sporobolus virginicus (L.) Kunth 
Growth form Hemicryptophyte. Plant height/length 10 to 100 cm, or greater than 100 cm. Stem upright, or soboliferous. 
Stem random. Stem green. Stem circular or hollow stems. Stem rhizome. Stem culms green. Leaves simple. Leaves 
sheathing. Leaves strongly folded. Leaves linear. Leaves entire. Leaves aromatic. Leaves grey-green. Leaves parallel. Leaves 
smooth. Leaves flat. Leaves not succulent. Leaves split sheaths. Flower brown, or green. Inflorescence panicle. Flower 
diameter less than 5 mm. Flowers clusters at top of stalk. Flowers petals and sepals absent. Flowers perianth absent. 
Flowers actinomorphic (regular). Flower 3. Flowers filaments feathery/hairy. Flowers two styles. Fruiting perianth not 
winged. Fruits caryopsis. Seed (Testa) smooth. Roots not visible. Root types adventitious. Estuarine habitat Reeds and 
sedges. Salinty Range (ppt) 26–30. 
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Stenotaphrum secundatum (H. Walter) Kuntze 
Growth form Hemicryptophyte. Plant height/length 5 to 100 cm. Stem soboliferous. Stem random. Stem brown, or green. 
Stem hollow stems. Stem rhizome. Stem culms green. Leaves simple. Leaves sheathing. Leaves strongly folded. Leaves 
linear. Leaves entire. Leaves not aromatic. Leaves dark-green. Leaves parallel. Leaves smooth. Leaves flat. Leaves not 
succulent. Leaves split sheaths. Flower whitish-yellow, or red. Flower colour completely yellow. Inflorescence spikelet. 
Flower diameter less than 5 mm. Flowers axillary with clusters of flowers. Flowers petals and sepals absent. Flowers 
perianth absent. Flowers actinomorphic (regular). Flower 3. Flowers filaments feathery/hairy. Flowers two styles. Ovary 
position perigynous flower (superior ovary). Fruiting perianth not winged. Fruits caryopsis. Seed (Testa) smooth. Roots not 
visible. Root types adventitious. Estuarine habitat Supratidal salt marsh. Salinty Range (ppt) 26–30. 
Stuckenia pectinata (L.) Boerner 
Growth form Hemicryptophyte. Plant height/length 20 to 90 cm. Stem upright. Stem dichotomous. Stem white, or yellow. 
Stem circular. Leaves simple. Leaves leaf sheaths wrapped around stem. Leaves terete. Leaves linear. Leaves entire. Leaves 
transluscent. Leaves single veined (only the midrid prominent). Leaves flat. Leaves sheaths are stipulate. Flower pink or 
white. Inflorescence spike. Flower diameter greater than 5 mm. Flowers flowers forming whorls around stem. Flowers 
clawed scales attached opposite to each stamen. Flowers flower parts in fours. Flowers actinomorphic (regular). Flower 4. 
Flowers stamens united with the perianth. Ovary position hypogynous flower (superior ovary). Fruiting perianth fruits with 
a beak. Fruits drupe. Seed (Testa) smooth, or with ridges. Roots not visible. Root types adventitious. Estuarine habitat 
Submerged macrophytes. Salinty Range (ppt) unknown. 
Triglochin buchenaui Ko¨cke, Mering & Kadereit 
Growth form Forbs. Plant height/length 5 to 30 cm. Stem upright, or soboliferous. Stem monopodial. Stem green. Stem 
circular. Stem rhizomes whitish to beige with bracts. Leaves simple. Leaves uniform, thickened at base but not forming a 
bulb. Leaves terete. Leaves linear. Leaves entire. Leaves not aromatic. Leaves dark-green. Leaves parallel. Leaves smooth. 
Leaves flat, or triangular. Leaves semi-succulent. Flower greenish-yellow. Inflorescence raceme. Inflorescence 2 to 7 cm. 
Inflorescence 3–17. Flower diameter less than 5 mm. Flowers axillary with clusters of flowers. Flowers double whorl. 
Flowers flower parts in fours. Flowers actinomorphic (regular). Flower 6. Ovary position hypogynous flower (superior 
ovary). Fruiting perianth mericarps dorsally curved upwards, filled with air, tips not curved or weakly curved outwards; 
carpophore absent. Fruits schizocarp. Seed (Testa) rough and striated. Roots not visible. Root types adventitious. Estuarine 
habitat Intertidal salt marsh. Salinty Range (ppt) unknown. 
Triglochin elongata Buchenau 
Growth form Forbs. Plant height/length 10 to 90 cm. Stem upright, or soboliferous. Stem monopodial. Stem green. Stem 
circular. Stem rhizomes whitish to beige with bracts. Leaves simple. Leaves basal with leaf bases covered by soft, whitish to 
brown fibres. Leaves terete. Leaves linear. Leaves entire. Leaves not aromatic. Leaves light-green. Leaves parallel. Leaves 
smooth. Leaves flat. Leaves not succulent. Flower greenish-yellow. Inflorescence 10 to 25 cm. Inflorescence 10–100. Flower 
diameter less than 5 mm. Flowers axillary with clusters of flowers. Flowers double whorl. Flowers flower parts in fours. 
Flowers actinomorphic (regular). Flower 6. Ovary position hypogynous flower (superior ovary). Fruiting perianth mericarps 
connate at the carpophore; tips mostly curved outwards. Fruits schizocarp. Seed (Testa) rough and striated . Roots not 
visible. Root types adventitious. Estuarine habitat Supratidal salt marsh. Salinty Range (ppt) unknown. 
Triglochin striata Ruiz & Pav. 
Growth form Forbs. Plant height/length 5 to 30 cm. Stem upright, or soboliferous. Stem monopodial. Stem green. Stem 
circular. Stem rhizome horizontal. Leaves simple. Leaves alternate, or sessile. Leaves terete. Leaves linear. Leaves entire. 
Leaves not aromatic. Leaves light-green. Leaves parallel. Leaves with parallel lines. Leaves flat, or triangular. Leaves semi-
succulent. Flower greenish-yellow. Inflorescence raceme. Inflorescence 20 to 35 cm. Inflorescence 10–100. Flower diameter 
less than 5 mm. Flowers axillary with clusters of flowers. Flowers double whorl. Flowers flower parts in fours. Flowers 
actinomorphic (regular). Flower 6. Ovary position hypogynous flower (superior ovary). Fruiting perianth roundish fruits 
consisting of three fertile and three sterile carpels. Fruits schizocarp. Seed (Testa) rough and striated . Roots not visible. 
Root types adventitious. Estuarine habitat Intertidal salt marsh. Salinty Range (ppt) 16–23. 
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Typha capensis (Rohrb.) N.E.Br. 
Flowering plant True. Growth form Hydrophyte. Plant height/length greater than 100 cm. Stem upright. Stem monopodial. 
Stem green. Stem circular. Stem rhizome. Leaves simple. Leaves sheathing. Leaves flat, or slightly involute. Leaves linear. 
Leaves entire. Leaves grey-green. Leaves smooth. Leaves flat. Leaves not succulent. Leaves sheaths not split. Flower brown. 
Inflorescence spike. Flower diameter less than 5 mm. Flowering stem is a scape up to 2 m long. Flowers solitary at top of 
flowering stalk. Flowers consisting of hairs. Flowers petals not fused. Flowers perianth absent. Flower in groups of two. 
Flowers stamens not fused. Flowers filaments not feathery. Flowers single style. Ovary position hypogynous flower 
(superior ovary). Fruiting perianth not winged. Fruits capsule, or follicle. Seed (Testa) splindle shaped, or one end sharply 
pointed(apiculate). Roots roots visible. Root types adventitious. Estuarine habitat Intertidal salt marsh. Salinty Range (ppt) 
0–5, or 6–10, or 11–15. 
Zannichellia palustris L. 
Flowering plant True. Growth form Hydrophyte. Plant height/length 20 to 90 cm. Stem supine. Stem brown. Stem circular. 
Stem rhizome. Leaves simple. Leaves opposite, or whorled. Leaves flat. Leaves linear. Leaves entire. Leaves light-green, or 
transluscent. Leaves single veined (only the midrid prominent). Leaves smooth. Leaves flat. Leaves not succulent. Flower 
colour completely yellow. Inflorescence spadix. Flower diameter less than 5 mm. Flowers solitary axillary. Flowers reduced 
to a three-lobed structure. Flowers petals not fused. Flowers perianth absent. Flowers actinomorphic (regular). Flower 1. 
Flowers stamens not fused. Flowers filaments not feathery. Flowers single style. Ovary position hypogynous flower 
(superior ovary). Fruiting perianth winged. Fruits drupe. Seed (testa) smooth. Roots not visible. Root types Tap. Estuarine 
habitat Submerged macrophytes. Salinty Range (ppt) unknown. 
Zostera capensis Setch. 
Flowering plant True. Growth form Hydrophyte. Plant height/length 10 to 60 cm. Stem supine. Stem monopodial, or 
sympodial. Stem brown. Stem circular. Stem rhizome. Leaves simple. Leaves leaves arranged in two opposite rows. Leaves 
flat. Leaves linear. Leaves entire, or denticulate. Leaves light-green, or transluscent. Leaves translucent. Leaves smooth. 
Leaves flat. Leaves sheaths not split. Flower transluscent. Inflorescence spadix. Flower diameter less than 5 mm. Flowers 
axillary with clusters of flowers. Flowers single whorl. Flowers petals fused. Flowers perianth absent. Flowers zygomorphic 
(irregular). Flower 1. Flowers single style. Ovary position perigynous flower (superior ovary). Fruits nut. Seed (Testa) with 
longitudinal lines. Roots not visible. Root types Tap. Estuarine habitat Submerged macrophytes. Salinty Range (ppt) 16–20, 
or 21–25, or 26–30, or 31–35. 
